


















Ecological Study on Seasonal Dynamics of Thraustochytrids  
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??????????????????? (Azam et al. 1983) (? 1)????????????
??????????????????????????????????????????
???????????????????? (leaf litter) ?????????????????
??????????? (water column) ????????????????????????




???????????????????????? (Patterson 1989, Porter 1989, Honda et al. 
1999, Dick 2001, Adl et al. 2012)?????????????????????????????
??????????????????????????????????????????
?????????????????????????? (Coleman & Vestal 1987, Raghukumar 
et al. 1994, Bremer & Talbot 1995, Bongiorni et al. 2005c, Nagano et al. 2011)??????????
??????????????????????????????????????? (Ulken 
1986, Kimura et al. 1999, Raghukumar et al. 2001, Bongiorni et al. 2004, Naganuma et al. 2006) (? 1)?
????????????????????????????????????? 2????
????? (????Olive 1975, Porter 1989)??????????????????????
??????????????????????????????????????????
??????????????????????????????????????????











???????????????????????? (Kimura et al. 1999, Raghukumar et al. 
2001, Bongiorni et al. 2004)???????????????????????????????
?????????????? (Bongiorni & Dini 2002, Bongiorni & Dini 2004)????????
??????????????????????????????????????????
?????????????????????????????????????????? 
(Yokoyama & Honda 2007)???????? DNA????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
??????????? (Collado-Mercado et al. 2010, Li et al. 2013)????????????
PCR????????????????????????????????????????
?????????????????????????????????????? (Nakai et 
al. 2013)? 
? ??????????????????????????????????????? 
(biovolume???) ????????? (carbon biomass?????????) ?????????
???? 3?43%? 3.4?29.7%???????????? (Naganuma et al. 1998, Kimura et al. 
1999)?????????????????????????????????????? 0.79
?281.0%???????????? (Li et al. 2013)???????????????????
???????? 85?21,400?????????????????????????????
???????????? (Naganuma et al. 2006)????????????????????
??????????????????????????????????????????
????????????? (? 1)??????????????????????????
????????????????????  (Naganuma et al. 1998, Kimura et al. 1999, 
Raghukumar 2002)??????????????????????????????????
??????????????????????????????????????????
? (Nagano et al. 2011)????????????????????????????????
??????????????????????????????????????????
?????????? (Kimura & Naganuma 2001)? 
? ????????????????????DHA (??????????docosahexaenoic acid; 
1. ?? 
 3 
22:6n-3) ?n-6 DPA (??????????docosapentaenoic acid; 22:5n-6) ?????????
?? (polyunsaturated fatty acid, PUFA) ? ???????????????????????
????? (Lewis et al. 1999, Fan et al. 2000, Yokoyama & Honda 2007, Yokoyama et al. 2007, 
Kaya et al. 2011, Nakazawa et al. 2014)??????????????????????????
??????????????????????????????????????????
???????????? (Tocher 2010)????????????????????????
????? (???) ????????????????????????? (Furuita et al. 
1996)???????????????????? (???) ???????????????
????????????????? DHA ???????????????? (Song et al. 



























????? 300????? (? 1370 × 106 km3)??????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
???????????????  (autotrophy)??????  (auxotrophy)?????? 
(heterotrophy)?????? (mixotrophy)?????? (osmotrophy)???????????? 
(phagotrophy)???? (saprozoic)????????????????????????????








??????????????????????????  (detritus food chain) ????
Pomeroy (1974) ??????????????????? (microbial loop) ?????? Azam
? (1983) ??????????????????????????????????????
?????????????? (Azam et al. 1983, Porter et al. 1985, Fenchel 1988, Lampert & 
Sommer 1997, Pomeroy et al. 2007, Fenchel 2008)??????????????????????
??????????????????????????????????????????










?????????????????????????? (0.02?0.2 µm)????????? (0.2
?2.0 µm)????????? (2.0?20 µm)?????????? (20?200 µm)???????
?? (0.2?20 mm)?????????? (2?20 cm)????????? (20?200 cm) ????
????????????????? 1 ????????????????????????
? 1????????????????????????????? : ????????? 1 : 
10??? (Azam et al. 1983)????????????????????? (???) ?????
? 3 mm??????? 30-50 µm?????????????????? (Uye 1986)????
????????????????????????????????? (Hansen 1994)????
?????????????????????????????? 20%??????????










? ????????????????????????? (dissolved organic matter, DOM) ??
?????? (particulate organic matter, POM) ??????????????????????
????????????????????????????????????? (Nagata & 













? (plankton) ?????????DOM : ?????? : plankton = 200 : 10 : 1???????? 
(Nagata 2008)? 
? ??????????????????????????? (Nagata 2000, ?? 2006)???
??????????????????????????????????????????










???????????????? (transparent exopolymer particle, TEP)??????????
????????????????????????????? 10-2?105 µm ???????
????????????????????????????? (?? 2006)????????






(particle-associated bacteria) ????%??????????????????  (free-living 
bacteria) ???????????????????? (?? 2005)? 
? ??????????????????????????????????? (Ducklow 
2000, ?? 2006)?????????????????? (acridine orange) ?????????
? (Hobbie et al. 1977)???? DNA???????????????????????4’6-??
??? -2-?????????????  (4',6-diamidino-2-phenylindole, dihydrochloride, DAPI) 
(Porter & Feig 1980) ???????????????????Hoechst 33258 (Paul 1982) ?? 




????????????????? (del Giorgio et al. 1996)???????????????
?????????????????????????????????? 
? ???????????????? 105 cells ml-1????? 106 cells ml-1?????????
?? 107 cells ml-1 ????? (?? 2006)?????? 103 cells ml-1 ????????????
??Fukuda? (1998) ?????????????????????????????????







?????????????????? (?? 2005, ?? 2006, ?? 2008, ??? 2008)? 
? ?????????? (heterotrophic nanoflagellate; HNF) ????? 2?20 µm??????
????????????????????????????1970 ????????????
? (Sanders et al. 1992, ?? 2000, 2003)????? 1?8?????????????????
??????????????????????????????????????????
??????????????? (filter feeding)????? (raptorial feeding, direct interception)?
???? (diffusion feeding: ??????????????) ???? ??????????101
?105 cells ml-1 ?????????? (Sanders et al. 1992)??????????????? 2 µm
???????????????????????????18S rRNA???????????
???????? (Lopez-Garcia et al. 2001, Moon-van der Staay et al. 2001)? 
? ??????????????????????? (loricated ciliates) ??????????




?????????????? 100?103 cells ml-1 ??????? (Carlough & Meyer 1989)??
??????????????? 1:10?????????????? (Azam et al. 1983)???
????????? (??) : ??? (???) ???????? 1:10????????????
2?20 µm?????????? 0.2?2 µm??????????????????? (??? 













? ??????????????1 ml ??? 107?109?????????????????? 
(Bergh et al. 1989, ?? 2005, ? 2006, ?? 2012)????????????????????
? DNA? RNA????? 1??? 2?????? 4??????????????????
??????????????????????????????????????????
?????????????? (Suttle 2005)???????????????????????
???????????????kill the winner????????????? (Thingstad 2000)??
? Chaetoceros debilis (Tomaru et al. 2008b)?????? Heterosigma akashiwo (Nagasaki et al. 1994, 
Tomaru et al. 2008a)???? Emiliania huxleyi (Schroeder et al. 2002)????? Heterocapsa 
circularisquama (Nagasaki et al. 2004)????????? Aurantiochytrium sp. (Takao et al. 2005)?
Sicyoidochytrium minutum (Takao et al. 2007) ???????????????????????
??????????????????????????????????????????
??????????????????????????????????????????
????viral shunt???????? (Suttle 2005)????????????????????
???????????viral loop????????? (Bratbak et al. 1992, Fuhrman 1999, ?? 












? ???????????????????????????????? 2 ????????
???????? 3?????????????? (Amon & Perkins 1968, Kazama 1974, Perkins 
1974)??????????????????????????????????? 
[stramenopiles: Patterson 1989, Adl et al. 2005, 2012, Kingdom Straminipila: Dick 2001, Phylum 
Heterokonta (= stramenopiles): Cavalier-Smith 1981, Baldauf 2003] ? ? ? ? ? ? ? ? ? 
(stramenopiles) ???stramen = straw = ????pilus = ??????????????????
??????????????????????????????????????????
????????????????????????????????????????? 
(Labyrinthomorpha: Levine et al. 1980, Labyrinthulomycota: Porter 1989)?????????????
?????????????????? (???????: Labyrinthulomycetes / ??????
?: Labyrinthulea) (Olive 1975, Cavalier-Smith 1986, Dick 2001, Adl et al. 2012)????????? 
(Labyrinthulales), ???????? (Thraustochytriales) ? 2 ? (Dick 2001), ???????? 
(Labyrinthulaceae / Labyrinthulidae), ???????? (Thraustochytriaceae / Thraustochytriidae) 
? 2????????? (????Porter 1974, Olive 1975, Porter 1989)???????????
?????????????????????????????????????? 
(aplanochytrids), ???????????  (oblongichytrids), ??????????? 
(thraustochytrids)?????? 3 ?????????????????????????? 
(labyrinthulids) ????????????????????????? 4??????????
?????? (????Yokoyama et al. 2007, Tsui et al. 2009) (? 2)?????????????
??????????? Diplophryidae, Amphitremidae, Amphifilidae, Sorodiplophryidae ????
???????????????????????????? (Anderson & Cavalier-Smith 2012, 
Gomaa et al. 2013, Takahashi et al. 2014)? 
? ???????????????1? Labyrinthula? (Cienkowski 1867) ?????????
????????????????????????????? (bothrosome = ???????











1980, 1985; Perkins 1972; Porter 1972, 1974; Bremer 1995)??????????????????
??????????????????????????????????????????
???1????????????????????????????????????????









????????????????????????Raghukumar? (1994) ? Aurantiochytrium 
mangrovei ??????????? (polygalacturonase: ??????????)???????
?? (pectin lyase: ???????????????)?????? (amylase: ????????
???????)??????? (protease: ????????????)?????? (cellulase: 
???????????????????????)??????? (xylanase: ??????
-1,4 ????????)??????????????Bremer (1995), Bremer & Talbot (1995) ??
Schizochytrium aggregatum ??????????????????Taoka ?  (2009) ??
Aurantiochytrium limacinum, S. aggregatum, Thraustochytrium striatum, T. roseum, T. aureum????
??? (???????????)?????? (???????????), ???? (lipase: 
??????????????????? , tween 80 ??????? )??????? 
(gelatinase: ???????????????, ?????????)?????? (urease: ??
??????)????????  (phosphatase: ???????)???????????? 
(chitinase: ?????????)?α-??????? (glucosidase: α-1,4-???????????
??) ????????Nagano ? (2011) ??Aplanochytrium, Botryochytrium, Oblongichytrium, 
Parietichytrium, Schizochytrium, Sicyoidochytrium, T. aureum, T. roseum, Ulkenia ????????








? ?????????????????n-6 DPA?DHA ?????????????????
???? (????????) ?????? (squalene) ?????????????????
??????????????????????????????????????????
??????????????????????????????? (Bajpai et al. 1991a, b, 
Nakahara et al. 1996, Yokochi et al. 1998, Lewis et al. 1999, Fan et al. 2000, Raghukumar 2002, 
Yokoyama & Honda 2007, Yokoyama et al. 2007, Kaya et al. 2011, Matsuura et al. 2012, Nakazawa et al. 
2012a, b, Sakaguchi et al. 2012, Nakazawa et al. 2014)? 
? ????????? EPA (??????????, eicosapentaenoic acid; 20:5n-3) ? DHA??
???????????????????????????????????????????
??????????????????????????????????????????
? EPA? DHA??????? n-3???????????????????????????
???????????????????????????????????? 
? EPA ? DHA ????????????  (photoautotrophic organisms) ???????? 
(heterotrophic organisms) ?????????????????????????????? 
(Nannochloropsis oculata???????Eustigmatophyceae)??????? (Cryptophyceae)???
? (Bacillariophyceae) ? EPA??????? (Zhukova & Aizdaicher 1995, Pratoomyot et al. 2005, 
Gladyshev et al. 2013)????????????? EPA????????? DHA??????
?????? (Nakahara et al. 1996, Yokochi et al. 1998, Yokoyama et al. 2007)? 
? ????????? (????????????????) ??C18 ???????????
????????????? C20?????????????? [LC (long-chain) -PUFA: ???
??? ARA (Arachidonic acid); 20:4n-6, EPA; 20:5n-3, DHA; 22:6n-3??] ?????? ???
????? (Tocher 2010)??????????????????????????? C18 ??
??????????????? (18:2n-6) ? α-????? (18:3n-3) ????? (desaturation) 
??? (elongation) ??????????????????????? Δ6 ???? (????
????????? 6??? C??????) ????????-????? (18:3n-6) ???
??????-????? (20:3n-6) ????????Δ5 ????????????????
??EPA ??-????? (18:3n-3) ???????? ARA ?????????????DHA
??EPA?? 2??????????∆6????????????????????????
?????????EPA?? 1???????∆4????????????????????
????? (Sprecher 2000, Warude et al. 2006, Bell & Tocher 2009, Meesapyodsuk & Qiu 2012)??





??????????? EPA ? DHA ?????????????????????????
????? (Bell & Tocher 2009)??????EPA? DHA????????????????
??????????????????????????????????????????
??? DHA ??????????????????????????? (?? 1991, ?? 





??????????? (Brachionus rotundiformis) ????????? 10??2??????
?????  (Artemia salina ??) ????????????????????????? 




??? (? & ?? 2001, Takeuchi 2014)? 
? ????????????DHA ???????????????????????????
????????????? (Barclay & Zeller 1996, ?? 2002, Hayashi et al. 2007, Song et al. 
2007, Yamasaki et al. 2007, Castillo et al. 2009)????DHA?????????????????
????????????????? (Izquierdo et al. 1989, Watanabe et al. 1989a, b, Yoshimatsu 






?????????????????????????? 0?104 cells l-1???????????
??????????????????????????????????????????
????? 1.31 × 106 cells l-1???? (Raghukumar et al. 2001, Ramaiah et al. 2005)? 
? ?????????????????????????????????????????
??????????????????????????1????1997? 6? 11?15???




????????????????????? 3?40%????????????? (Naganuma 
et al. 1998)?2??? 1998? 6?7???????????????????????????





???????18S rRNA?????? Ribosomal Database Project (RDP) ?????? Ulkenia
? Thraustochytrium kinnei ????????? (Kimura et al. 1999)?3??? 2000? 7?9??
???????????????????????? 3.11 × 103 cells l-1 ??????????
????????????????????????? (particulate organic carbon, POC) ???
??????????????????????????????????????????
????? (Kimura et al. 2001)?4????1999? 2?3?????????????????
?????????????????????? 3.5 ± 0.2 × 103 cells l-1???????????
?????????????? 1.8 ± 0.7 × 103 cells l-1???????????????????
??????????????????????????????????????????





? ????????????????? 2 ???????????????????????
?????????????????????????????????? (?? 2007)???
?????? SssRNAV ???? Heterosigma akashiwo ????????????????
SssRNAV???????? N1-27???? (Aurantiochytrium sp.) ?????????????
??????????????????????????? ThDNAV???????????












? ???????????????????????Gaertner (1968) ????????????
? MPN ?? Raghukumar & Schaumann (1993) ????????????????????? 
[acriflavine direct detection (AfDD ) method] ??????? MPN??????????????
??????????????????????????????????????????
??? MPN?????????????????????????????????????
???????????????? (Fan et al. 2002)???????????????????
??????????????????????????????????????????
???????????????????? MPN????????????????????













? (Raghukumar & Schaumann 1993, Raghukumar 2002, Nakai et al. 2013, Li et al. 2013) (? 1)? 
? ???????????? 2?????????? DNA????????????????
???????? DNA????????????????????????????????
? (Collado-Mercado et al. 2010, Li et al. 2013)?????????????????? PCR 
(quantitative PCR, qPCR) ????????????????????????????? 

















?????????????????????????????? quahaug parasite X (QPX) ?
??????????????  (Whyte et al. 1994, Calvo et al. 1998)?????????
Thraustochytrium caudiborum???????????? (Schärer et al. 2007)?????????
??????? (salps) ???????????????? (Raghukumar & Raghukumar 1999)?
in situ hybridization??????????????????????????????????











?????????????????????????? (????????? 1,000?1,600 mm)?







???? (34° 43.35′ N, 135° 20.00′ E) ??????? (? 3, 4)???????????????
? (565 m)????? (483 m) ????????????????????????????
8.5 km2?????? 4.1 km???????? (https://web.pref.hyogo.lg.jp/wd15/documents/ 
106shuku.pdf)?????????????? 400 m????????????????????





??? (34° 40.80′ N, 135° 16.40′ E) (? 3, 4)????????????????????????
??????????????????????????????????????????
??????????????????????????? 2008? 3? 1??2011? 1? 6?
?? 3??????2?4?????? 63????????? 
? ??? 2?????????????? Station 8 (Sta. 8: 34° 29.95′ N, 135° 10.73′ E) ? ???
???? Station 15 (Sta. 15: 34° 36.00’ N, 135° 17.75′ E) ???? (? 3, 4)??????????
???????????????????????????????????Sta. 15 ????
????????????????????? 15 km ??????????????????
3. ????? 
 17 
??????????????????Sta. 8???????? 30 km???????????
????????????????????????????????????????? 8,240 
km2??????? 75 km???????? (http://www.mlit.go.jp/river/basic_info/ 
jigyo_keikaku/gaiyou/seibi/pdf/yodogawa60-1.pdf)??????????????????????
???????????????????????????2011? 3? 7??2013? 2? 1?





? ???????????????????? 3,000 ml????????????2.0 mm??
????????????????????????????1,000 ml???????? [2011
? 2? 16? (??????: 384) ???????????????????????????
??????????????????????????]????????????????
???????????????1,000 ml??????????????????? Sta. 8 (8S) ?
Sta. 15 (15S) ???????????????????????? Sta. 8 (8B) ????????
????? 2 m ???????????????? (??????????????????
??????????????????????) ?????????Sta. 15 (15B) ?????
????????? 1 m ??????????????? (???????????????
???????????????????????????????????????) ???
???????????????????? 1,000 ml????????? 
? ??????????????????????? 20 µm ?????????? (Cat. No. 
5512, Rigo Co., Ltd., ??) ???????????????????????????????
???????????????? (CK30 ??? CK40, Olympus, ??) ?????????
??????????????????? compact-CTD (JFE Advantech Co., Ltd., ??) ???
??????????????? 10 cm?????????????????????????
???? a?? (Chl a) ??Sta. 15???? compact-CTD????????????????
?????????? (x, ppb) ?????????????????????? a?? (y, µg 














? ??????? MPN?????? 10 ml?????????? 1 ml? 9 ml???????
?????????? 10??????????????????????10-1?10-2?10-3?10-4?
10-5? 6????????? n=3? 15 ml????????????????????????
???????? 2.0 ml ???????????????????????????????
???????????????15?20??? 25ºC?????????????????? 1
????????????? 4?????????????????????????? (Pinus 
thunbergii) ??????60ºC ??????????????????95ºC ? 2 ?????? 1
?????2????????????1????????????????? d-GPY???? 
[0.2% ??????0.1% ???????0.05% ????????1.5% ?????50/50 ???
?/???????????? 0.02% ?????????? (2009? 12? 2????)????
0.01% ????????????? 0.01% ???????????? (2009? 12? 28???




????????? 2?3??????? (CK30??? CK40, Olympus, ??) ???????
??????????????????????????????????????????








? ??????????? 2008??????????????????????????? ?










? ???????? 5 ???????????18S rRNA ?????????????????
???????????????????????? DNA? Murray & Thompson (1980) ???
????? CTAB ???????????????????d-GPY ??? 7 ????????
?? 3000 rpm?5???????????1.5 ml?????????????????????
??????? TE ????? 567 µl ???????10% ??????????? (sodium 
dodecyl sulfate, SDS) 30 µl? 20 mg ml-1 ??????? K (proteinase K) 3 µl??????37 ºC?
60 ???????????????????? DNA ???? (polysaccaharide) ??????
??5M NaCl 100 µl? CTAB-NaCl [10% (w/v) CTAB?14% (v/v) 5M NaCl?MilliQ???] 80 µl
????65ºC?10????????????????????????????????-??
???????? (24:1, v/v) ??? DNA???? 2????????? 1/10?? 0.3M ??
?????????????????? DNA??????????DNA????? 70% ??
??? (-20 ºC) ? 2????????? TE????? 50 µl?????-20ºC?????? 
? Polymerase chain reaction (PCR) ????????? DNA? 18S rRNA??????????
????? (? 1800 bp)?DNA????????TaKaRa Ex Taq Hot Start Version (???????
????? )???????? SR01 (Nakayama et al. 1996) ? SR12L1 (??? 
5’-CCTTGTTACGACTTCACCTTCC-3’) ??????PCR??? illustra ExoProStar (GE Healthcare, 
3. ????? 
 20 




PRISM 3130 Genetic Analyzer ??? PRISM 3730 DNA Analyzer ??? 3730xl DNA Analyzer 
(Applied Biosystems, Foster City CA, USA) ????????? 
? ????????TreeBASE (http://treebase.org/) ???????? matrix accession number : 
M3464 (Yokoyama et al. 2007) ?????????? 18S rRNA??????????????
?????????????ClustalX 2.1 (Larkin et al. 2007) ? profile alignment???????
??????????????????????????????????????????
?? Tamura-Nei model (Tamura & Nei 1993) ????????????? (NJ, neighbor-joining) 




? ????????? 1?3????? (1???? 4??1???? 5?)?18S rRNA ????
???????????  (? 1,600 bp)?????????SR01, SR05, SR06, SR09, SR12 
(Nakayama et al. 1996) ? ? ? ? ? ? ? ? ? ? Labyseq ( ? ? ? 
5’-ATCCAAGGAAGGCAGCAGGC-3’) ???????????? GenBank? accession numbers: 
AB973502?AB973563 (? 4) ?????? 8??????????? (? 5)? 
? ??????????? 2008?????????????????????????????





? ?????????? 25% ?????????? (???????, ??) ????? 2.5%
????????????????????4ºC ???????????????? 0.5 ml ?
?? 1.0 ml??????? 1 µg ml-1?????? 10 µg ml-1 DAPI (100 mM HEPES??????
???????) ????15?30???????????????????? 0.22 µm??? 25 
3. ????? 
 21 
mm ?????????????????  (Isopore™ Membrane Filter, Merck Millipore, 
Massachusetts, USA) ?????????????????????????????????
??????? 0.2 µm????????????????? 1 ml??????? 2?????
?????????????????? 1/4???????????????????????
??????????????? UV?????50 µm × 50 µm???? 50?????????
???? 1,000 ml???????????????????? 
? ???????? 2009?2010 ????????????????????????? ??






? ???????????100 ml???? 450ºC 2??????????? 25 mm?????
??????????? GF/F ????? (GE Healthcare, Amersham Place, Little Chalfont, UK)
????????????????????????? (POC) ?, ??????? (particulate 
organic nitrogen, PON) ???????? 60ºC??????????????????????
??????????????????????????????? (DOC) ? 50 ml ????
????? 2?????????-20ºC??????POC?PON? 2010? 12? 7??2013? 9
? 19? (n=37) ?????????????????? (???) ?????????????
? CHN analyzer (Model MT-5, Yanaco Co. Ltd, ??) ??????DOC? 2012? 4? 4??2013
? 9? 19? (n=19) ?????????????????????? (??) ?????????











? ???????? 6???? 100??????????????????????????
???????????????? 40 cells l−1 (2009? 12? 28?) ?? 266,400 cells l−1 (2008
? 5? 1??2013? 8? 19?) ??????????????????????????? (?
9)?????? 1 ???? 2 ???????????????????? 2008?2010?2012?
2013???????????????????????????2008? 5? 1?? 266,400 cells 
l−1?7? 24?? 47,470 cells l−1?2010? 5? 6?? 103,600 cells l−1?8? 17?? 103,600 cells l−1?
2012? 6? 6?? 47,470 cells l−1?7? 1?? 103,600 cells l−1?2013? 8? 19?? 266,400 cells 
l−1?????????2009, 2011???????????????????????????





? ????????????????????2.86 × 108 cells l−1 (2011? 12? 7?) ?? 1.08 × 
1010 cells l−1 (2009? 6? 4?) ????????????????? 2.03 × 109 cells l−1 (n=98) ?
??? (? 6, 7)???????????????????????????????????
????????????????????????????????? (1.34 ± 0.10 × 109, 





? ?????????6.3°C (2010? 1? 19?) ?? 30.9°C (2013? 8? 19?) ??????




9? 4?) ????????????? 22.9 PSU????????????????????
?????????????????????????????????????? a????
????? Heterosigma akashiwo ????? (????) ?????????139.8 µg l-1 (2008
? 5? 27?) ? 202.5 µg l-1 (2009? 6? 4?) ? 2???????????????????
???????1.28 µg l-1 (2010? 5? 13?) ?? 49.9 µg l-1 (2013? 7? 3?) ??????





? ???????????932 ??????????????????? 435 ?? 18S rRNA
????????????? (? 7)???????????????????? NJ ????
??????????????????????????????????????? 24??
???????????? (? 4?? 8)????? 3?????18S rRNA?????????
?????????????????????? DNA ?????????????????
?????????????????????  (Huang et al. 2003, Tsui et al. 2009, 
Collado-Mercado et al. 2010, Yang et al. 2010, Li et al. 2013, Nakazawa et al. 2014) ?4??????
??????????????????????????????????????unidentified 
thraustochytrid 1?2a?2b?3a?4?6?7 ?????????Oblongichytrium ????????
? 5????????????????????Oblongichytrium sp. 1, 2, 3, 4, 5???????
?? (? 8)??????????????????????????????? unidentified 
thraustochytrid 1, unidentified thraustochytrid 2a, unidentified thraustochytrid 2b, Schizochytrium sp., 
Oblongichytrium sp. 1, Oblongichytrium sp. 2, Oblongichytrium sp. 3? 7????????????
?????? (? 9, 10, 11)????????????unidentified thraustochytrid 1? 3??? 5
??unidentified thraustochytrid 2a? 5??? 6??Schizochytrium sp.? 6??? 12??unidentified 
thraustochytrid 2b? 7??? 9??Oblongichytrium sp. 1??? 2? 10??? 7??Oblongichytrium 
sp. 3? 12??? 4?????????????? (? 9)????????????????
????????????? (? 10)? 
? ?????????????????????????????????????????




striatum?1?? unidentified thraustochytrid 1???????7? 24?? 2??????????
7?? Aurantiochytrium sp. 2???????2010? 5? 6?? 1??????????6??
unidentified thraustochytrid 2a?4?? Oblongichytrium sp. 1?8? 17?? 2??????????
3?? unidentified thraustochytrid 2b?3?? Botryochytrium sp.?2?? Schizochytrium sp.???
????2012 ? 6 ? 6 ?????????2 ?? Oblongichytrium sp. 2?2 ?? unidentified 
thraustochytrid 7?1?? Oblongichytrium sp. 1?7? 1?? 2?? Sicyoidochytrium sp.?2??
unidentified thraustochytrid 7???? Oblongichytrium sp. 1???????2013? 8? 19???
??????3?? unidentified thraustochytrid 2b?1?? Schizochytrium sp.?1?? Thraustochytrium 
aff. caudivorum?????? (? 7)?????????????????2009? 12? 2???
???0.02% ????????????????????????????????????











???????? POC? DOC?????????????????????? a?????
?????? (? 8?? 12)??????????????????????????????
????????????? POC? DOC???????????????????????
??????????? POC? DOC?????????? 2.07 mg l−1 ? 3.36 mg l−1???? 
(? 7)???????????? POC???? Kimura? (2001) ????????POC???
???? a????????????????????? (y = ax+b) ????y = 0.099x +1.232
??? (x: Chl a?y: POC)??????? a??? 0?????????? 1.232 mg l-1???
?????????????? POC ????????POC ???????????????




(? 13)??????? a?????? (8.51 µg l-1) ???????????????????
?????????????????????????? 0.84 (0.099 × 8.51) mg C l-1?1.36 (0.160 
× 8.51) mg C l-1?????????????????????????????? POC???
??POC???? (2.07 mg C l-1) ? 40.6?65.7% [(0.84 / 2.07) × 100, (1.36 / 2.07) × 100] ???
???????? (? 14)????????? 1????????????1.65 × 10−4 µg C cell−1 
(Kimura et al. 1999) ?????????????????????????????????
?????7.59 × 10−4 mg l−1 [(1.65 × 10−4 µg cell−1) × 4598.24 cells (POC???????????
?????????????????????????????)] ??????? POC ?
0.037% [{(7.59 × 10−4) / 2.07} × 100] ??????????????? POC?????????
????????????????? 1????????????30.2 fg C cell−1 (Fukuda et al. 
1998) ????????????????????????????????0.033 mg l−1 [30.2 
fg cell−1 × (1.08 × 109 cells) (POC????????????????????????????
???????????????????)] ????? POC? 1.58% [(0.033 / 2.07) × 100] ?
????????????????? POC???????????????????????
??????????????????? 0.53?28.3 mg C m-3 (0.53 × 10-3?28.3 × 10-3 mg C l-1) 
? 13.2?35.5 mg C m-3 (13.2 × 10-3?35.5 × 10-3 mg C l-1) ??????? 0.03?1.4% [{(0.53 × 
10-3) / 2.07} × 100, {(28.3 × 10-3) / 2.07} × 100] ? 0.6?1.7% [{(13.2 × 10-3) / 2.07} × 100, {(35.5 × 
10-3) / 2.07} × 100] ????????????????????? (Uye et al. 1996, Uye & 
Shimazu 1997)?????????????????????????????????? POC









? ????????????? 3???? 63?????????????? (? 9)?????
? 0 cells l−1?? 10,360 cells l−1 (2008? 7? 10??8? 6?) ????????? (? 16)??
??????? 1,061 cells l−1???? (? 6)??????????????????????
?????????????????????????????????????????2008
? 4? 16?? 4,747 cells l−1?7? 10?? 10,360 cells l−1?8? 6?? 10,360 cells l−1?2009? 5
? 2?? 4,747 cells l−1?8? 14?? 1,632 cells l−1?2010? 6? 3?? 4,747 cells l−1?7? 15?





? ????8.0°C (2010? 1? 19?) ?? 29.7°C (2010? 8? 17?) ???????????
?? 19.3°C?????????8.8 PSU (2010? 6? 17?) ?? 31.5 PSU (2009? 9? 10?) ?
???????????? 25.5 PSU??????????????????????????
??????????????????????????????????????????
???????????????????? a??? 1.03 µg l-1 (2009? 9? 30?) ?? 40.39 
µg l-1 (2008? 6? 26?) ?????????????????? a??? 9.24 µg l-1???? 












8S?? 0 cells l−1?? 474.7 cells l−1?????? (?? 122.09 cells l−1)?8B?? 0 cells l−1 ??
474.7 cells l−1?????? (?? 46.91 cells l−1)?15S?? 0 cells l−1?? 4,747 cells l−1????
?? (?? 508.92 cells l−1)?15B?? 0 cells l−1?? 266.4 cells l−1????? (?? 45.02 cells l−1) 
???? (? 17, ? 6, 10)??????????????????????????????
????????? MPN? (Gaertner 1968) ??????????????????????
??? (? 1)?????? 15S??????? 1????????????????????
????????2011?? 4,747 cells l−1 (2011? 8? 1?)?2012?? 2,664 cells l−1 (2012? 9






? ???????????????????????????? 0.50?31.4 × 108 cells l−1??
?????????????????8S? 4.96 × 108 cells l−1?8B? 4.05 × 108 cells l−1?15S?
9.64 × 108 cells l−1?15B? 4.64 × 108 cells l−1???????????????????????
???????????????????????? (5.50 ± 2.06 × 108 cells l−1, Naganuma et al. 





? ??????? 8.0?29.0ºC ??????????? 17?18ºC ?????15S ??????
???????20.4?30.8 PSU?????????????8S??????????????




8B? 15B?????? 32 PSU????????????? a??? 15S?????????
????0 µg l-1 (2011? 7? 5?) ?? 61.1 µg l-1 (2011? 8? 1?) ????????? (?
17, ? 6, 10)?8S???????????????????15S??????????????






? ??? 8S?? 71????????????????46?? 18S rRNA?????????
????????8B?? 56??????37???????15S?? 113??????71??
?????15B?? 20??????16?????? (? 10)???????????????
???????????4????????? 4?????????? 16?????????
??????????? (? 4?? 8)??????????????unidentified thraustochytrid 2a?
2b?3b?3c?4?5?6?7 ??????????8S ? 15S ????????????????
?????? unidentified thraustochytrid 3b, Aplanochytrium sp., Oblongichytrium sp. 2? 3???
???? (? 11, 17, 18)?Aplanochytrium sp. ? 7??? 11??unidentified thraustochytrid 3b?
4 ??? 7 ?? 11 ??? 1 ???????????????????????????
Oblongichytrium sp. 2?????????????????????? (? 18)????8B? 15B
????????????Oblongichytrium sp. 2 ? Aplanochytrium sp. ???????????
????????????????????????8B, 15B ??????????????
?????????????15S? 2011??????????????????? 5????
? unidentified thraustochytrid 2 ????2012 ?????? 2 ?? Aplanochytrium sp.?1 ??
Thraustochytrium aff. caudivorum ?????? (? 10)? 
5. ?? 
5. ?? 










??) ?????????????????????????????? 47,470?266,400 cells 
l-1 ?????????????????????????????? (?????? 10,360 
cells l-1) ???? 15S (?????? 4,747 cells l-1) ???????????????????
????????????????????????????????? 15S???????
??????????????????????????????????????????
?????????????????????2006?2007 ????????????? (34° 
18.10′ N, 136° 51.12’ E) ????????????????????????????????
???????????????????? (?? ???)???????????????
??????????????????????????????????????????





? ????????????????????????????????????? 2010? 4






4 ? 24 ?? Skeletonema spp.?5 ? 28 ??? Heterosigma akashiwo?7 ? 10 ?? Heterosigma 
5. ?? 
5.1 ????????????????: ???????????? 
 30 
akashiwo?Euglena spp.?7? 24???Ceratium spp.?Gymnodinium spp.?10? 9???Prorocentrum 
spp.?Thalassiosira spp.?Pseudo-nitzschia spp.?2009? 6? 4??? Heterosigma akashiwo?2010
? 7? 1??? Skeletonema spp.?Chaetoceros spp.?2013? 7? 3??? Prorocentrum spp. ?
??????????????????????????????????????????
????????????????????????????? a????????????
??????????????????????????????2008 ? 4 ? 24 ???
Skeletonema spp.?6? 26??? Skeletonema spp.?Pseudo-nitzschia spp.?2010? 11? 2???
Coscinodiscus spp.???? 15S???2011? 3? 7??? Thalassiosira spp?2011? 6? 6?
???Skeletonema spp.?2011? 8? 1????Skeletonema spp.?2012? 3? 6????Heterocapsa 
spp.?Skeletonema spp. ????????????????????????????????
???????????????????????????????????????Gaertner 













????? (????Honda et al. 1998, Yokoyama & Honda 2007)? 
? ?????????????????????????????????????????
??????????????????????????? 20°C? 30°C?????????
??????? (? 19)??????????????? (cyst) ?????????????
??????????????????????????????????????????
??????????? (Anderson 1980, Imai 1989)???????????????????
5. ?? 










????? (Schroeder et al. 2002, Nagasaki et al. 2004)???????????????????
?????????????????????? (Nagasaki et al. 1994, Tomaru et al. 2004, 
Tomaru et al. 2008a)????????????????????Aurantiochytrium sp. ?????
1?? RNA??????Sicyoidochytrium sp.????? 2?? DNA????? 2??????







































cells l−1 (n=93) ??????????????????????? 1,061 cells l−1???????
???????????508.9 cells l−1 (Sta. 15S) ? 122.1 cells l−1 (Sta. 8S)???? (? 6)???
??????????????????????????????????????????
???????????? MPN ???????????????????????????
????????5?1000 cells l−1 ???????????????????? (? 1)?????
?????????????? 68??? 173 cells l−1 (Raghukumar et al. 1990) ???????
??????? 1.3 ± 1 × 102 cells l−1 (Bongiorni & Dini 2002) ???????????????
????????????????????????????????Kimura & Naganuma 
(2001) ???????????????????????????????????????
??????????????????????????????????????????
???????? 10?????????????????????????????? (total 
organic carbon, TOC) ???? 5.43 mg C l−1 (POC??: 2.07 mg C l−1, DOC??: 3.36 mg C l−1) ?




???????????????????????????????????? (Miller & Jones 











???????????? 3.02 × 10−8 µg cell−1???????? (Fukuda et al. 1998, Kimura et 
al. 1999)??????????????????????????????????????
???????????????????????????????0.771 µg C l−1? 58.9 µg C 
l−1?????????????????????????????????????????
??????????? 1.59% (0.04?12.19%) ???? (? 7)??????????????
??????????????????????????????????????????
??????????????????????????????????????????
?????????????????????????????? (Azam et al. 1983)????




????????  (Quick 1974b, Raghukumar 1988, Honda et al. 1998, Raghukumar 2002, 
Bongiorni et al. 2005a)?????????????????????????????? (? 5
?50 µm) ??? (Uye 1986, Hansen et al. 1994)??????????????????????
??????????????????? 1 ??????????10%??????????



















? ?????????? EPA? DHA?????????????????????????
????????????? (α-??????C18) ???????????????????
??????????????????? EPA? DHA??????????? (Bell & Tocher 
2009, Tocher 2010, Meesapyodsuk & Qiu 2012)???????????????????????
??????????????????????????????????????EPA ?
DHA????????????????????????????????????????







???? DHA ?????????????????????? EPA ????????? 
(Yokoyama & Honda 2007, Yokoyama et al. 2007)????????????????? DHA??
?????????EPA????????????? (Zhukova & Aizdaicher 1995, Pratoomyot et 
al. 2005, Gladyshev et al. 2013)?????????????? EPA? DHA?????????
??????????????????????????????????????????
??????????????? α-????? (C18 PUFA) ?? DHA? EPA???????













? ??????? MPN ???????????????????????????????
??????????????????????????????????? (? 10, 18)?18S 
rRNA ?????????????????? 27 ???????????????????5




? ?????????????unidentified thraustochytrid 1????unidentified thraustochytrid 2a
?????Schizochytrium sp.??????????unidentified thraustochytrid 2b ????
Oblongichytrium sp. 1??? 2??????????Oblongichytrium sp. 3??????????
??????????? (? 9)????????????????????????????
????????unidentified thraustochytrid 1, 2a, 2b??????? 10?15°C, 19?24°C, 24?
31°C?????????????????? (4?30 PSU) ??????????Schizochytrium 
sp.?????????????????????????????? (< 22°C) ??????
? (4?32 PSU) ????? (< 22°C) ?????? (26?30 PSU) ????????????
??????????Oblongichytrium sp. 1??? 3???????? (4?32 PSU) ?????
???????? 7?23 ºC?6?14 ºC?????????? (? 21)? 
? ??????????????Aplanochytrium sp. ?????????? unidentified 
thraustochytrid 3b ?????????????????? 2 ????????????? (25
?32 PSU) ??????????? 19?30°C? 11?25°C????????????? (? 21)? 
? ???Oblongichytrium sp. 2?????????????????????????????
???8?26ºC???????????????? 14?33 PSU??????????????









?????????????????? 15S???????? 2011? 3??? Oblongichytrium 
sp. 3?2011? 8??? unidentified thraustochytrid 2?????????? 8S?? 2011? 9?





? ???????????????????? POC? DOC???????????????
? a????????????????????????????????????????
???? a????????????????????????? POC? DOC??????
??????????????????Kimura? (2001) ????????????? a??
? POC????????? POC??????????????? POC???????????
40.5?65.8%??????????????????????????????????? POC
? 35?60%???????????? (? 15)????????????????? POC??
??????????????????????????????????????????
??????????????????????? POC ? DOC ?????????????
????????????????????????Kimura? (2001) ???????????















???????????????) ?????????????????? (??? 2006)??
?????? POC ????? 80%???????? 85%????????????????









? ???????????????????? a???DOC????????Kimura? (2001) 
????????????????? a????????????????????????
??????????????????????????????????????????
??????????????????? (Cole et al. 1988, Müller-Niklas & Herndl 1996)???
???????????????????????????????????????????
????????????????????? 
? ???????????? Schizochytrium sp. ?????????????????????
???????????????????????????????????????? 
(Goldstein & Belsky 1964, Nagano et al. 2011) (? 11)????Bongiorni & Dini (2002?2004) ??
????????? Schizochytrium aggregatum???????????????S. aggregatum
??????????????????????????????????????????
?????????????????? (Goldstein & Belsky 1964)?????????????










? ???????????????? Oblongichytrium multirudimentale?Aplanochytrium yorkensis 
(Raghukumar & Gaertner 1980) ?????????? Ap. yorkensis (Raghukumar 1985) ????
???????????DNA?? Aplanochytrium?Oblongichytrium????????? (Li et 
al. 2013)?????Nakai et al. (2013) ?????????????????? PCR?????
????????? -?????????????????????Aurantiochytrium?
Botryochytrium?Oblongichytrium?Parietichytrium?Sicyoidochytrium?Schizochytrium?Ulkenia?
???????Aurantiochytrium ? Oblongichytrium ???????????????????


















































?????? 90%?????????????????????? (?? 2006)??????
??????????????????????????????????????????
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tion Habitat Sampling site Maximum number Minimum number Average number Reference
Southern North Sea 600 l-1 32 l-1 - Gaertner (1967)
North Sea and the Norwegian Sea 192 l-1, 256 l-1 10 l-1 - Gaertner (1974 )
Atlantic Ocean off Portugal 488 fungi l-1 1 fungi l-1 - Gaertner (1982)
Antarctic Ocean > 100 propagules l-1 < 5 propagules l-1 - Bahuweg & Sparrow (1974a,b)
Sargasso Sea 115 l-1 ca. 5 l-1 - Ulken (1979)
Fladen Ground Area, North Sea 384 fungi l-1 0 fungi l-1 - Gaertner & Raghukumar (1980)
Fladen Ground Area, North Sea 320 fungi l-1 1 fungi l-1 - Raghukumar & Gaertner (1980)
Arabian Sea 1.10  104 l-1 < 1 l-1 - Raghukumar (1985)
Arabian Sea > 1.10  103 l-1 < 6 l-1 - Raghukumar et al. (1990)
Mouth of the Zuari estuary in Goa, India 348 l-1 14 l-1 - Raghukumar et al. (1990)
Arabian Sea 1.00  103 l-1 0 l-1 - Raghukumar et al. (2001)
Liqurian Sea (NW Mediterranean) - - 1.3 ± 1  102 cells l-1 Bongiorni & Dini (2002)
Southern North Sea 1.85  104 cells l-1 1.02  104 cells l-1 - Gaertner (1967)
Atlantic Ocean off Portugal 4.38  104 fungi l-1 - - Gaertner (1982)
Low tide the Jade Bight, Germany 4.56  104 l-1 4.70  103 l-1 - Ulken (1983)
Red Sea coast of Egypt 6.57  104 infective units l-1 2.28  104 infective units l-1 - Ulken (1986)
Port Klangm, Malaysia 4.57  104 l-1 9.13  103 l-1 - Ulken (1986)
Fladen Ground Area, North Sea 7.31  104 fungi l-1 0 fungi l-1 - Gaertner & Raghukumar (1980)
Fladen Ground Area, North Sea 7.30  104 fungi l-1 1.46  104 fungi l-1 - Raghukumar & Gaertner (1980)
Liqurian Sea (NW Mediterranean) - - 4.4 ± 4.0  104 cells l-1 Bongiorni & Dini (2002)
Liqurian Sea (NW Mediterranean) - - 6.1 ± 5.3  104 cells l-1 Bongiorni & Dini (2002)
Liqurian Sea (NW Mediterranean) - - 4.4 ± 4.0  104 l-1 Bongiorni & Dini (2004)
Liqurian Sea (NW Mediterranean) - - 6.1 ± 5.3  104 l-1 Bongiorni & Dini (2004)
Arabian Sea 1.31  106 cells l-1 0 cells l-1 - Raghukumar et al. (2001)
Northern Arabian Sea 1.31  106 cells l-1 ND - Ramaiah et al. (2005)
Equatorial Indian Ocean 6.75  105 cells l-1 - - Damare & Raghukumar (2008)
Seto Inland Sea, Japan 5.6  104 cells l-1 2.1  103 cells l-1 1.03  104 cells l-1 Naganuma et al. (1998)
Seto Inland Sea and Hyuga Nada area, Japan 4.52  104 cells l-1 2.50  103 cells l-1 1.59  104 cells l-1 Kimura et al. (1999)
Seto Inland Sea and Hyuga Nada area, Japan 2.14  104 cells l-1 86 cells l-1 3.11  103 cells l-1 Kimura et al. (2001)
Offshore area of the Shimanto River 3.6  103 cells l-1 900 cells l-1 2.5  103 cells l-1 Kimura & Naganuma (2001)
Greenland and Norwegian Seas 2.3  105 cells l-1 < 810 cells l-1 3.1  104 cells l-1 Naganuma et al. (2006)
Hawaii Ocean 6.30  105 cells l-1 undetectable - Li et al. (2013)
Detritus North Sea 5.4  106 cells g-1 1.0  105 cells g-1 - Raghukumar & Schaumann (1993)
Faecal pelet Northern Arabian Sea - - 6.58  106 cells g-1 Raghukumar & Raghukumar (1999)
Sand Mediterranean sandy shore, Italy 1.70   105 cells l-1 1.0   104 cells l-1 4.24 ± 3.52  104 cells l-1 Santangelo et al. (2000)
Sediment Eastern Ligurian Sea (NW) Mediterranean - - 4.23 ± 0.29   104 l-1 Bongiorni et al. (2004)





















Host Host (in Japanese) Labyrinthulomycetes Reference
Eelgrass Zostera marina ?? ??? Labyrinthula sp. Pokorny (1967)
Sea grass Halophila engelmannii ?? ????? Aplanochytrium saliens Quick (1974a)
Eelgrass Zostera marina ?? ??? Labyrinthula sp. Muehlstein et al. (1988)
Eelgrass Zostera marina ?? ??? Labyrinthula zosterae Short et al. (1993)
Eleven different species of seagrasses ?? Labyrinthula spp. Vergeer & den Hartog (1994)
Eelgrass Zostera marina ?? ??? Labyrinthula zosterae Ralph & Short (2002)
Green alga Ulva lactuca, other algae ?? ??? Aplanochytrium minutum Watson & Raper (1957)
Sea grass Halodule wrightii ?? ????? Aplanochytrium schizochytrops Quick (1974b)
Brown alga Sargassum sp. ?? ????? Aplanochytrium kerguelensis Ulken et al. (1985)
Green algae Chaetomorpha media, Cladophora sp.,
Rhizoclonium sp.; brown alga Lobophora variegata;




Labyrinthula sp. Raghukumar (1987)
Brown alga Fucus serratus ?? ???? Thraustochytrid Miller & Jones (1983)
Green algae Cladophora, Rhizoclonium ?? ???? Labyrinthula sp. Raghukumar (1986a)Ramaiah (2006)
Red alga Gelidium pusillum;





Aplanochytrium minutum Raghukumar et al. (1992)
Brown alga Sargassum cinereum ?? ????? Aplanochytrium minutum Sathe-Pathak et al. (1993)
Brown alga Sargassum cinereum ?? ????? Ulkenia visuragensis,Aplanochytrium minutum Sharma et al. (1994)
Cyanobacteria Lyngbya sp. ???????? Labyrinthula sp. Raghukumar (1987)
Diatom Thalassionema nitzchioides ?? Schizochytrium sp. Gaertner (1979)
Diatom Coscinodiscus sp., Navicula sp., Nitzschia sp.,
Grammatophora sp., Melosira sp. ?? Ulkenia visuragensis Raghukumar (1986b)
Leaves of the mangrove Rhizophora apiculata Blume ?????????????? Aurantiochytrium mangrovei Raghukumar et al. (1994)
Fallen decaying leaves Kandelia candel ??????????? thraustochytrids Wong et al. (2005)
Mangrove leaf litter ??????? Schizochytrium aggregatum Bremer (1995)
Zooplankton (copepods) ???? Aplanochytrium kerguelensis Damare & Raghukumar (2010)
Octopus Eledone cirrhosa ?? Thraustochytrid, Labyrinthulid Polglase (1980)
Macrostomum lignano (Rhabditophora, Macrostomorpha) Thraustochytrium caudivorum Schärer et al. (2007)
Quahaugs Mercenaria mercenaria ??????? QPX (Quahaug Parasite X) Whyte et al. (1994)
Clam Ruditapes decussatus ???? Thraustochytrid Azevedo & Corral (1997)
Hard clams Mercenaria mercenaria ??????? QPX (Quahaug Parasite X) Calvo et al. (1998)
Tunicate Pegea confoederata (salp) ???? Thraustochytrid Raghukumar &Raghukumar (1999)




Siboni et al. (2010)




??? ???? ?? ?? ??
D-(+)-glucose nacalai tesque 16806-25 2.0 g 0.20%
Polypepton ??????????
 (?: ????????) 1.0 g 0.10%
Yeast Extract nacalai tesque 15838-45 0.5 g 0.05%
(Agar) nacalai tesque 01028-85 15.0 g 1.50%
Sea water ??????????
 ???4ºC?? 500 ml 50%
Distilled water 500 ml 50%
Chloramphenicol  (2009?12?2???) nacalai tesque 08027-72 0.2 g 0.02%
121ºC 20min autoclaving
Add to medium after autoclaving
Ampicillin sodium salt (2009?12?28???) SIGMA-ALDRICH A-9518 5 ml 20mg ml
-1 in milli-Q
final: 100 µg ml-1
Streptomycin sulfate (2009?12?28???) nacalai tesque 32237-14 5 ml 20mg ml
-1 in milli-Q







Taxon NBRC number Strain number Original number Accession number Sampling date Sampling site
Genus Aurantiochytrium
Aurantiochytrium sp. 2 NBRC 110806 SEK 605 08-047-01yD1 AB973502 May 1, 2008 Shukugawa River
Aurantiochytrium sp. 2 NBRC 110807 SEK 634 236-03m AB973503 October 19, 2009 Shukugawa River
Aurantiochytrium sp. 2 NBRC 110808 SEK 635 415-05m AB973504 June 8, 2011 Shukugawa River
Genus Botryochytrium
Botryochytrium sp. NBRC 110809 SEK 597 08-091-04y AB973505 August 6, 2008 Shukugawa River
Botryochytrium sp. NBRC 110810 SEK 673 350-05m AB973506 August 17, 2010 Shukugawa River
Botryochytrium sp. NBRC 110811 SEK 598 465-01m AB973507 September 2, 2012 Shukugawa River
Genus Parietichytrium
Parietichytrium sp. NBRC 110812 SEK 592 461-01m AB973508 August 3, 2012 Shukugawa River
Genus Schizochytrium
Schizochytrium sp. NBRC 110813 SEK 577 195-02m1 AB973509 June 17, 2009 Shukugawa River
Schizochytrium sp. NBRC 110814 SEK 579 204-06m AB973510 July 14, 2009 Shukugawa River
Schizochytrium sp. NBRC 110815 SEK 582 350-07m AB973511 August 17, 2010 Shukugawa River
Schizochytrium sp. NBRC 110816 SEK 674 1207-8S-05m AB973512 July 2, 2012 Osaka Bay
Genus Sicyoidochytrium
Sicyoidochytrium sp. - SEK 675 216-05m AB973513 August 14, 2009 Shukugawa River
Sicyoidochytrium sp. NBRC 110818 SEK 676 458-10m AB973514 July 1, 2012 Shukugawa River
Genus Thraustochytrium
Thraustochytrium aff. aggregatum NBRC 110819 SEK 619 281-06m1 AB973515 April 8, 2010 Shukugawa River
Thraustochytrium aff. aureum NBRC 110820 SEK 621 415-02m AB973516 June 8, 2011 Shukugawa River
Thraustochytrium aff. aureum - SEK 677 415-08m AB973517 June 8, 2011 Shukugawa River
Thraustochytrium aff. caudivorum NBRC 110822 SEK 616 204-11m AB973518 July 14, 2009 Shukugawa River
Thraustochytrium aff. caudivorum NBRC 110823 SEK 678 216-06m AB973519 August 14, 2009 Shukugawa River
Thraustochytrium aff. caudivorum NBRC 110824 SEK 679 1209-15B-05m AB973520 September 3, 2012 Osaka Bay
Thraustochytrium aff. kinnei NBRC 110825 SEK 617 256-05m AB973521 December 28, 2009 Shukugawa River
Thraustochytrium aff. kinnei NBRC 110826 SEK 618 261-01m AB973522 January 19, 2010 Shukugawa River
Thraustochytrium aff. kinnei NBRC 110827 SEK 680 1104-8B-05m AB973523 April 5, 2011 Osaka Bay
Thraustochytrium aff. pachydermum - SEK 681 281-12m AB973524 April 8, 2010 Shukugawa River
Thraustochytrium aff. pachydermum - SEK 682 394-08m AB973525 April 20, 2011 Shukugawa River
Thraustochytrium aff. striatum NBRC 110828 SEK 686 525-01m AB973526 June 12, 2013 Shukugawa River
Thraustochytrium aff. striatum NBRC 110829 SEK 687 1107-15S-03m AB973527 July 5, 2011 Osaka Bay
Genus Ulkenia
Ulkenia sp. NBRC 110830 SEK 615 175-01m2 AB973528 May 12, 2009 Shukugawa River
Ulkenia sp. NBRC 110831 SEK 688 190-07m AB973529 June 11, 2009 Shukugawa River
Ulkenia sp. NBRC 110832 SEK 689 1106-8S-01m AB973530 June 6, 2011 Osaka Bay
Genus Oblongichytrium
Oblongichytrium sp. 1 NBRC 110833 SEK 600 298-06m AB973531 May 6, 2010 Shukugawa River
Oblongichytrium sp. 1 NBRC 110834 SEK 707 401-03m AB973532 May 17, 2011 Shukugawa River
Oblongichytrium sp. 1 NBRC 110835 SEK 708 458-04m AB973533 July 1, 2012 Shukugawa River
Oblongichytrium sp. 1 NBRC 110836 SEK 709 369-01m AB973534 November 2, 2010 Shukugawa River
Oblongichytrium sp. 1 NBRC 110837 SEK 710 1110-15S-01m AB973535 October 4, 2011 Osaka Bay
Oblongichytrium sp. 2 NBRC 110838 SEK 711 276-05m AB973536 March 24, 2010 Shukugawa River
Oblongichytrium sp. 2 NBRC 110839 SEK 712 1109-8B-02m AB973537 September 6, 2011 Osaka Bay
Oblongichytrium sp. 2 NBRC 110840 SEK 713 1207-15S-02m AB973538 July 2, 2012 Osaka Bay
Oblongichytrium sp. 3 NBRC 110841 SEK 599 256-09m AB973539 December 28, 2009 Shukugawa River
Oblongichytrium sp. 3 NBRC 110842 SEK 714 1103-15B-05m AB973540 March 7, 2011 Osaka Bay
Oblongichytrium sp. 3 - SEK 715 1103-15S-01m AB973541 March 7, 2011 Osaka Bay
Oblongichytrium sp. 4 NBRC 110843 SEK 716 476-01m AB973542 November 7, 2012 Shukugawa River
Genus Aplanochytrium
Aplanochytrium sp. NBRC 110844 SEK 603 465-05m AB973543 September 2, 2012 Shukugawa River
Aplanochytrium sp. - SEK 717 1110-8S-01m AB973544 October 4, 2011 Osaka Bay
unidentified taxon
unidentified thraustochytrid 1 NBRC 110845 SEK 690 08-025-02y AB973545 March 14, 2008 Shukugawa River
unidentified thraustochytrid 1 NBRC 110846 SEK 691 155-02m AB973546 March 17, 2009 Shukugawa River
unidentified thraustochytrid 1 - SEK 692 288-02m AB973547 April 22, 2010 Shukugawa River
unidentified thraustochytrid 2a NBRC 110847 SEK 693 298-27mb AB973548 May 6, 2010 Shukugawa River
unidentified thraustochytrid 2a NBRC 110848 SEK 694 310-08m AB973549 May 25, 2010 Shukugawa River
unidentified thraustochytrid 2a NBRC 110849 SEK 695 1206-15S-05m AB973550 June 4, 2012 Osaka Bay
unidentified thraustochytrid 2b NBRC 110850 SEK 696 350-03m AB973551 August 17, 2010 Shukugawa River
unidentified thraustochytrid 2b NBRC 110851 SEK 697 461-05m AB973552 August 3, 2012 Shukugawa River
unidentified thraustochytrid 2b NBRC 110852 SEK 698 1108-15S-03m AB973553 August 1, 2011 Osaka Bay
unidentified thraustochytrid 3a NBRC 110853 SEK 699 08-053-04y1 AB973554 May 14, 2008 Shukugawa River
unidentified thraustochytrid 3b NBRC 110854 SEK 700 1105-8S-02m AB973555 May 11, 2011 Osaka Bay
unidentified thraustochytrid 3b NBRC 110855 SEK 701 1201-8S-05m AB973556 January 5, 2012 Osaka Bay
unidentified thraustochytrid 3b NBRC 110856 SEK 702 1107-15S-04m AB973557 July 5, 2011 Osaka Bay
unidentified thraustochytrid 3c NBRC 110857 SEK 703 1101-15S-01m AB973558 January 4, 2011 Osaka Bay
unidentified thraustochytrid 4 - SEK 706 387-01m AB973559 March 10, 2011 Shukugawa River
unidentified thraustochytrid 5 NBRC 110858 SEK 704 1210-15S-05m AB973560 October 2, 2012 Osaka Bay
unidentified thraustochytrid 6 NBRC 110859 SEK 705 1210-8S-01m AB973561 October 2, 2012 Osaka Bay
unidentified thraustochytrid 7 NBRC 110860 SEK 683 180-08m AB973562 May 27, 2009 Shukugawa River
unidentified thraustochytrid 7 NBRC 110861 SEK 684 185-02m AB973563 June 4, 2009 Shukugawa River
NBRC: NITE (National Institute of Technology and Evaluation)–Biological Resource Center (Japan); SEK: Laboratory of Systematics and Evolution at Konan
University (Japan)
?4  ????????18S rRNA?????????????????????????????
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Taxon Strain / DNA clone Accession number Reference
Genus Aurantiochytrium limacinum
Aurantiochytrium limacinum ATCC MYA-1381T (NIBH SR21) AB973564 Honda et al. (1999)
Aurantiochytrium sp. RCC 893 AB973565 Tsui et al. (2009)
Aurantiochytrium sp. mh0186 AB362211 Taoka et al. (2009)
Genus Aurantiochytrium sp. 1
Aurantiochytrium sp. SEK 217 (RT0100P1) AB290572 Yokoyama and Honda (2007)
Aurantiochytrium sp. SEK 218 (RT0040) AB290573 Yokoyama and Honda (2007)
Thraustochytriidae sp. BURABG 162 DQ100295 -
Genus Aurantiochytrium sp. 2
Aurantiochytrium sp. N1-27 AB073308 Huang et al. (2003)
Aurantiochytrium sp. NBRC 102614 (SEK 209) AB290574 Yokoyama and Honda (2007)
Genus Botryochytrium
Botryochytrium radiatum SEK 353 (RT0304) AB355410 Yokoyama et al. (2007)
Botryochytrium radiatum #16 (Raghukumar) AB022115 Honda et al. (1999)
Genus Parietichytrium
Parietichytrium sarkarianum SEK 351 (RT0301) AB355411 Yokoyama et al. (2007)
Parietichytrium sarkarianum SEK 364 (RT0049) AB244715 Yokoyama et al. (2007)
Parietichytrium sp. H1-14 AB073305 Huang et al. (2003)
Genus Schizochytrium
Schizochytrium aggregatum ATCC 28209 AB022106 Honda et al. (1999)
Schizochytrium sp. NBRC 102615 (SEK 210) AB290576 Yokoyama and Honda (2007)
Schizochytrium sp. NBRC 102617 (SEK 346) AB290578 Yokoyama and Honda (2007)
Genus Sicyoidochytrium
Sicyoidochytrium minutum NBRC 102975  (MBIC 11071) AB290585 Yokoyama et al. (2007)
Sicyoidochytrium sp. NBRC 102979  (MBIC 11077) AB183659 Yokoyama et al. (2007)
Genus Thraustochytrium
Thraustochytrium aggregatum KMPB N-BA-110T AB022109 Honda et al. (1999)
Thraustochytrium aureum ATCC 34304T AB022110 Honda et al. (1999)
Thraustochytrium caudivorum ATCC PRA-210T (S4) EF114348 Schäerer et al. (2007)
Thraustochytrium gaertnerium ATCC PRA-148T (NIOS-6) AY705753 Bongiorni et al. (2005a)
Thraustochytrium kinnei KMPB 1694d L34668 Cavalier-Smith et al. (1994)
Thraustochytrium pachydermum KMPB N-BA-114 AB022113 Honda et al. (1999)
Thraustochytrium roseum ATCC 28210 AB973566 Goldstein (1963)
Thraustochytrium striatum ATCC 24473T AB022112 Honda et al. (1999)
Genus Ulkenia
Ulkenia amoeboidea SEK 214 (RT0167) AB290355 Takao et al. (2007)
Ulkenia profunda KMPB N 3077aT L34054 Cavalier-Smith et al. (1994)
Ulkenia profunda BUTRBG 111 DQ023615 -
Ulkenia visurgensis ATCC 28208T AB022116 Honda et al. (1999)
Genus Oblongichytrium 1
Oblongichytrium minutum KMPB N-BA-77T AB022108 Honda et al. (1999)
Genus Oblongichytrium 2
Oblongichytrium multirudimentale KMPB N-BA-113 AB022111 Honda et al. (1999)
Oblongichytrium sp. PBS05 FJ799794 Collado-Mercado et al. (2010)
Genus Oblongichytrium 3
Oblongichytrium sp. BAFC cult. 3519 HQ228948 -
Genus Oblongichytrium 4
Oblongichytrium sp. NBRC 102618 (SEK 347) AB290575 Yokoyama and Honda (2007)
Thraustochytriidae sp. KB9/KB16 JX481078 -
Genus Oblongichytrium 5
Oblongichytrium sp. PBS02 FJ799796 Collado-Mercado et al. (2010)
Oblongichytrium sp. PBS03 GQ354272 Collado-Mercado et al. (2010)
Genus Aplanochytrium
Aplanochytrium kerguelense KMPB N-BA-107 AB022103 Honda et al. (1999) 
Aplanochytrium minutum n/a L27634 Leipe et al. (1994)
Aplanochytrium stocchinoi n/a AJ519935 Moro et al. (2003)
Genus Labyrinthula
Labyrinthula sp. NBRC 33215 (AN-1565) AB022105 Honda et al. (1999)
Labyrinthula sp. L59 AB095092 Kumon et al. (2003)
Labyrinthula sp. L72 AB220158 Kumon et al. (2006)
Labyrinthula sp. N8 AB246794 Tsui et al. (2009)
unclassified labyrinthulomycetes
Thraustochytriidae sp. C9G AF474172 Anderson et al. (2003)
Labyrinthulid quahog parasite QPX QPX AY052644 Stokes et al. (2002)
unidentified thraustochytrid 2b
Thraustochytrium sp. AR2-19 clone1 AB10952 Nakazawa et al. (2014)
Thraustochytriidae sp. M4-103 AB073307 Huang et al. (2003)
unidentified thraustochytrid 3a
Aurantiochytrium sp. BAFC cult. 3537 HQ228987 -
Thraustochytrium sp. HK8a FJ821495 Yang et al. (2010)
Thraustochytriidae sp. #32 DQ367052 Tsui et al. (2009)
unidentified thraustochytrid 3b
Aurantiochytrium sp. BAFC cult. 3545 HQ228949 -
Aurantiochytrium sp. JC3 KF718864 -
Thraustochytriidae sp. H41 DQ459556 -
unidentified thraustochytrid 5
Thraustochytrium sp. AR2-1 AB810959 Nakazawa et al. (2014)
unidentified thraustochytrid 6
Thraustochytrium sp. HK5 FJ821499 Yang et al. (2010)
Outgroup 
Bacillaria paxillifer n/a M87325 -
Ochromonas danica n/a M32704, J02950 Gunderson et al. (1987)
ATCC: American Type Culture Collection; KMPB: Kulturensammlung Mariner Pilze Bremerhaven, Alfred-Wegner-Institut fur Polar
und Meeresforschung (Germany); NBRC: NITE (National Institute of Technology and Evaluation)–Biological Resource Center
(Japan); NIBH: National Institute of Bioscience and Human Technology (Japan); SEK: Laboratory of Systematics and Evolution





















( g C l-1)
Average (including spikes) 19.3 22.9 13.68 13,729 2.27 20.34 61.44 3.60
Average (excluding spikes) 18.8 23.1 13.45 4,670 0.77 19.50 58.90 1.59
Min (including spikes) 6.3 3.9 1.28 40 0.01 2.86 8.63 0.04
Max (including spikes) 30.9 31.6 202.50 266,400 43.96 107.52 324.72 79.57
Max (excluding spikes) 30.5 31.6 202.50 26,640 4.40 107.52 324.72 12.19
47; May 1, 2008 20.9 21.2 10.41 266,400 43.96 36.33 109.73 40.06
85; July 24, 2008 30.5 21.0 46.36 47,470 7.83 55.95 168.96 4.64
298; May 6, 2010 21.4 12.1 9.02 103,600 17.09 17.68 53.41 32.01
350; Aug. 17, 2010 30.6 13.6 15.49 103,600 17.09 50.64 152.94 11.18
455; June 6, 2012 21.7 27.7 16.43 47,470 7.83 19.18 57.94 13.52
458; July 1, 2012 23.7 24.0 9.69 103,600 17.09 20.61 62.25 27.46
537; Aug. 19, 2013 30.9 24.4 9.51 266,400 43.96 18.29 55.24 79.57
Average 19.3 25.5 9.24 1,061 0.17 - - -
Min 8.0 8.8 1.03 0 0 - - -
Max 29.7 31.5 40.39 10,360 1.71 - - -
8S Average 17.7 30.9 2.35 122 0.02 4.96 14.99 0.22
8S Min 8.7 22.2 -3.93 0 0.00 1.05 3.18 0.00
8S Max 28.0 32.4 16.82 475 0.08 20.72 62.58 1.38
8B Average 17.5 32.1 -2.15 47 0.01 4.05 12.23 0.07
8B Min 8.5 31.5 -3.84 0 0.00 0.50 1.51 0.00
8B Max 27.3 32.6 0.08 475 0.08 14.86 44.88 0.42
15S Average 18.0 28.1 11.43 509 0.08 9.64 29.13 0.27
15S Min 8.0 20.4 -8.84 0 0.00 0.61 1.83 0.00
15S Max 29.0 30.8 61.10 4,747 0.78 31.40 94.84 1.23
15B Average 17.1 32.0 -0.72 45 0.01 4.64 14.01 0.07
15B Min 8.5 31.4 -3.43 0 0.00 0.57 1.73 0.00
15B Max 27.2 32.5 7.20 266 0.04 17.26 52.11 0.52











































































































25 March 14, 2008 11.8 26.2 8.65 13.07 4.38
29 April 2, 2008 15.0 22.0
34 April 16, 2008 15.1 27.4 5.49 8.29 18.99
42 April 24, 2008 17.6 15.8 21.06 31.82 19.72
47 May 1, 2008 20.9 21.2 6.89 10.41 10.67
53 May 14, 2008 19.6 11.9 2.03 3.07 27.41
60 May 27, 2008 21.6 17.9 92.51 139.77 9.43
66 June 10, 2008 21.5 27.1 6.99 10.56 15.25
72 June 26, 2008 22.6 25.0 15.44 23.33 2.68
79 July 10, 2008 27.7 18.3 22.18 33.51 5.23
85 July 24, 2008 30.5 21.0 30.68 46.36 6.74
91 August 6, 2008 30.5 24.9 3.83 5.78 10.50
97 August 21, 2008 27.7 27.9 3.09 4.67 5.42
103 September 4, 2008 26.0 31.6 4.36 6.58 3.69
109 September 18, 2008 25.9 30.2 11.18 16.89 1.82
115 October 9, 2008 23.3 27.0 28.47 43.02 3.01
121 October 30, 2008 21.0 29.9 7.22 10.91 1.47
127 November 18, 2008 19.1 29.7 6.07 9.17 1.43
133 December 9, 2008 13.2 26.6 0.99 1.49 0.65
139 January 6, 2009 9.9 25.7 3.91 5.90 0.99
145 February 3, 2009 9.0 22.5 1.87 2.82 4.48
151 March 6, 2009 10.2 28.7 10.95 16.54 1.54
155 March 17, 2009 11.6 10.1 3.48 5.26 6.62
160 April 3, 2009 10.5 26.5 1.07 1.61 8.04
165 April 16, 2009 17.7 27.3 4.46 6.73 1.55
170 May 2, 2009 18.2 23.5 5.59 8.45 11.19
175 May 12, 2009 22.3 17.1 14.38 21.73 22.60
180 May 27, 2009 18.8 29.8 21.55 32.56 14.34
185 June 4, 2009 21.7 27.8 134.02 202.50 12.91
190 June 11, 2009 20.8 19.2 5.51 8.33 6.41
195 June 17, 2009 25.3 25.0 10.02 15.14 11.23
199 June 30, 2009 25.6 8.5 8.18 12.36 12.24
204 July 14, 2009 28.6 18.4 5.55 8.38 10.07
211 July 31, 2009 27.3 28.1 6.94 10.49 6.12
216 August 14, 2009 27.8 24.4 14.95 22.59 3.97
221 August 27, 2009 26.1 29.2 11.73 17.72 3.49
226 September 10, 2009 24.1 28.8 1.50 2.27 10.03
231 September 30, 2009 24.4 30.9 8.78 13.26 33.47
236 October 19, 2009 21.9 28.3 1.51 2.29 4.94
241 November 9, 2009 20.0 28.5 6.54 9.89 1.74
246 December 2, 2009 17.8 29.9 4.82 7.29 3.17
256 December 28, 2009 10.7 26.1 1.72 2.60 12.67
261 January 19, 2010 6.3 26.6 9.19 13.89 11.30
266 February 9, 2010 9.7 20.6 2.25 3.39 23.79
271 March 2, 2010 11.0 27.0 2.90 4.39 2.20
276 March 24, 2010 11.2 22.4 3.33 5.02 2.18
281 April 8, 2010 11.7 29.8 1.79 2.71 2.36
286 April 14, 2010 13.8 19.6 1.74 2.63 11.64
288 April 22, 2010 11.9 30.3 3.06 4.62 1.91






????????????????????????????????????????524 µm3 cell-1?0.1 µm3 cell-1 ??
?????? (Naganuma et al. 1998, Naganuma & Miura 1997)????????????????????????
???????????1.65 x 10-4 µg C cell-1 ? 1.58 x 10-5 µg N cell-1?30.2 fg C cell-1 ? 5.8 fg N cell-1???????? 
(Kimura et al. 1999, Fukuda et al. 1998)?Ob1???????????2??????????????Ob1a (SEK 600, 




















( g C l-1)
Nitrogen
biomass









( g C l-1)
Nitrogen
biomass
( g N l-1)
25 March 14, 2008 10,360 2,295 30,100 54.29 1.709 0.164
29 April 2, 2008 26,640 5,285 107,200 139.59 4.396 0.421 59.64 5.96 180.13 34.59 2.44
34 April 16, 2008 475 115 1,539 2.49 0.078 0.008 23.79 2.38 71.86 13.80 0.11
42 April 24, 2008 2,271 375 9,244 11.90 0.375 0.036 32.15 3.22 97.10 18.65 0.39
47 May 1, 2008 266,400 52,850 1,072,000 1395.94 43.956 4.209 36.33 3.63 109.73 21.07 40.06
53 May 14, 2008 26,640 5,285 107,200 139.59 4.396 0.421 32.48 3.25 98.07 18.84 4.48
60 May 27, 2008 8,230 1,931 23,890 43.13 1.358 0.130 21.38 2.14 64.57 12.40 2.10
66 June 10, 2008 2,664 529 10,720 13.96 0.440 0.042 43.89 4.39 132.55 25.46 0.33
72 June 26, 2008 4,257 1,016 14,180 22.31 0.702 0.067 23.47 2.35 70.89 13.61 0.99
79 July 10, 2008 4,747 1,148 15,390 24.87 0.783 0.075 31.99 3.20 96.62 18.56 0.81
85 July 24, 2008 47,470 11,480 153,900 248.74 7.833 0.750 55.95 5.59 168.96 32.45 4.64
91 August 6, 2008 10,360 2,295 30,100 54.29 1.709 0.164 40.51 4.05 122.35 23.50 1.40
97 August 21, 2008 26,640 5,285 107,200 139.59 4.396 0.421 39.71 3.97 119.92 23.03 3.67
103 September 4, 2008 10,360 2,295 30,100 54.29 1.709 0.164 44.69 4.47 134.97 25.92 1.27
109 September 18, 2008 3,064 451 11,320 16.06 0.506 0.048 57.23 5.72 172.84 33.20 0.29
115 October 9, 2008 475 115 1,539 2.49 0.078 0.008 25.08 2.51 75.74 14.55 0.10
121 October 30, 2008 1,036 230 3,010 5.43 0.171 0.016 41.32 4.13 124.78 23.96 0.14
127 November 18, 2008 475 115 1,539 2.49 0.078 0.008 32.00 3.20 96.64 18.56 0.08
133 December 9, 2008 2,271 375 9,244 11.90 0.375 0.036 16.08 1.61 48.56 9.33 0.77
139 January 6, 2009 266 53 1,072 1.40 0.044 0.004 5.31 0.53 16.03 3.08 0.27
145 February 3, 2009 266 28 1,269 1.40 0.044 0.004 3.54 0.35 10.68 2.05 0.41
151 March 6, 2009 266 53 1,072 1.40 0.044 0.004 6.91 0.69 20.88 4.01 0.21
155 March 17, 2009 1,036 230 3,010 5.43 0.171 0.016 16.24 1.62 49.05 9.42 0.35
160 April 3, 2009 1,036 230 3,010 5.43 0.171 0.016 16.72 1.67 50.49 9.70 0.34
165 April 16, 2009 1,036 230 3,010 5.43 0.171 0.016 20.90 2.09 63.12 12.12 0.27
170 May 2, 2009 4,747 1,148 15,390 24.87 0.783 0.075 79.26 7.93 239.36 45.97 0.33
175 May 12, 2009 4,747 1,148 15,390 24.87 0.783 0.075 34.66 3.47 104.68 20.10 0.75
180 May 27, 2009 1,036 230 3,010 5.43 0.171 0.016 32.22 3.22 97.30 18.69 0.18
185 June 4, 2009 2,664 529 10,720 13.96 0.440 0.042 107.52 10.75 324.72 62.36 0.14
190 June 11, 2009 10,360 2,295 30,100 54.29 1.709 0.164 39.23 3.92 118.47 22.75 1.44
195 June 17, 2009 4,747 1,148 15,390 24.87 0.783 0.075 24.50 2.45 73.99 14.21 1.06
199 June 30, 2009 10,360 2,295 30,100 54.29 1.709 0.164 33.99 3.40 102.64 19.71 1.67
204 July 14, 2009 2,664 529 10,720 13.96 0.440 0.042 24.18 2.42 73.02 14.02 0.60
211 July 31, 2009 4,747 1,148 15,390 24.87 0.783 0.075 28.75 2.87 86.81 16.67 0.90
216 August 14, 2009 2,664 529 10,720 13.96 0.440 0.042 16.72 1.67 50.50 9.70 0.87
221 August 27, 2009 1,036 230 3,010 5.43 0.171 0.016 22.19 2.22 67.02 12.87 0.26
226 September 10, 2009 823 193 2,389 4.31 0.136 0.013 8.30 0.83 25.06 4.81 0.54
231 September 30, 2009 475 115 1,539 2.49 0.078 0.008 11.64 1.16 35.16 6.75 0.22
236 October 19, 2009 2,664 529 10,720 13.96 0.440 0.042 29.46 2.95 88.96 17.09 0.49
241 November 9, 2009 1,036 230 3,010 5.43 0.171 0.016 5.60 0.56 16.90 3.25 1.01
246 December 2, 2009 266 53 1,072 1.40 0.044 0.004 3.02 0.30 9.13 1.75 0.48
256 December 28, 2009 40 6 137 0.21 0.007 0.001 5.53 0.55 16.71 3.21 0.04
261 January 19, 2010 163 27 702 0.86 0.027 0.003 4.70 0.47 14.18 2.72 0.19
266 February 9, 2010 2,664 529 10,720 13.96 0.440 0.042 8.33 0.83 25.15 4.83 1.75
271 March 2, 2010 475 115 1,539 2.49 0.078 0.008 8.71 0.87 26.32 5.05 0.30
276 March 24, 2010 475 115 1,539 2.49 0.078 0.008 11.99 1.20 36.22 6.96 0.22
281 April 8, 2010 475 115 1,539 2.49 0.078 0.008 13.92 1.39 42.05 8.08 0.19
286 April 14, 2010 2,664 529 10,720 13.96 0.440 0.042 11.74 1.17 35.44 6.81 1.24
288 April 22, 2010 266 53 1,072 1.40 0.044 0.004 9.77 0.98 29.52 5.67 0.15
293 April 29, 2010 4,747 1,148 15,390 24.87 0.783 0.075 12.86 1.29 38.84 7.46 2.02

























c UT4 UT5 UT6 La Sum
25 March 14, 2008 6 5 5
29 April 2, 2008 0
34 April 16, 2008 0
42 April 24, 2008 0
47 May 1, 2008 14 1 3 1 5
53 May 14, 2008 4 3 1 4
60 May 27, 2008 8 5 5
66 June 10, 2008 8 4 4
72 June 26, 2008 31 5 5
79 July 10, 2008 21 2 3 5
85 July 24, 2008 20 7 7
91 August 6, 2008 14 4 1 5
97 August 21, 2008 19 5 5
103 September 4, 2008 14 5 5
109 September 18, 2008 19 5 5
115 October 9, 2008 0
121 October 30, 2008 19 1 4 5
127 November 18, 2008 0
133 December 9, 2008 1 1 1
139 January 6, 2009 0
145 February 3, 2009 0
151 March 6, 2009 0
155 March 17, 2009 6 6 6
160 April 3, 2009 12 5 5
165 April 16, 2009 0
170 May 2, 2009 1 1 1
175 May 12, 2009 14 5 5
180 May 27, 2009 8 4 1 5
185 June 4, 2009 9 5 5
190 June 11, 2009 9 5 5
195 June 17, 2009 6 5 5
199 June 30, 2009 10 5 5
204 July 14, 2009 11 1 2 1 4
211 July 31, 2009 6 4 4
216 August 14, 2009 10 1 2 3
221 August 27, 2009 10 5 5
226 September 10, 2009 10 5 5
231 September 30, 2009 13 5 5
236 October 19, 2009 6 3 1 4
241 November 9, 2009 10 7 7
246 December 2, 2009 0 0
256 December 28, 2009 8 2 3 5
261 January 19, 2010 10 1 3 4
266 February 9, 2010 12 1 2 3
271 March 2, 2010 13 1 2 2 5
276 March 24, 2010 11 3 2 5
281 April 8, 2010 12 2 2 1 5
286 April 14, 2010 12 3 2 5
288 April 22, 2010 11 4 1 5




Number of isolates in each phylogenetic group




















































298 May 6, 2010 21.4 12.1 5.97 9.02 6.60
303 May 13, 2010 14.2 29.3 0.85 1.28 1.26
310 May 25, 2010 19.5 4.3 1.65 2.49 10.44
317 June 3, 2010 24.2 23.4 12.87 19.44 18.28
323 June 17, 2010 24.2 9.8 8.35 12.61 14.39
329 July 1, 2010 27.7 6.7 21.47 32.43 6.10
336 July 15, 2010 25.2 3.9 4.95 7.48 7.76
343 July 29, 2010 26.5 8.0 9.22 13.93 14.10
350 August 17, 2010 30.6 13.6 10.25 15.49 10.60
357 September 14, 2010 28.0 24.7 4.84 7.31 15.81
362 October 11, 2010 23.0 20.1 1.61 2.42 3.06
369 November 2, 2010 17.5 27.2 3.03 4.58 7.37
374 December 7, 2010 14.8 28.2 3.66 5.52 5.32 1.13 1.15 1.10 0.22 0.28 0.16
379 January 6, 2011 7.5 28.6 1.20 1.82 15.23 0.87 0.88 0.87 0.11 0.11 0.11
384 February 16, 2011 7.0 31.1 3.06 4.62 5.38 0.90 0.93 0.87 0.21 0.37 0.13
387 March 10, 2011 7.0 17.4 9.85 14.89 13.62 3.54 3.64 3.46 0.61 0.68 0.56
391 April 7, 2011 13.1 29.9 5.77 8.71 14.18 1.88 1.95 1.83 0.38 0.41 0.36
394 April 20, 2011 13.9 28.8 6.68 10.09 3.67 2.18 2.25 2.09 0.37 0.41 0.28
398 May 3, 2011 16.4 23.0 4.55 6.87 7.35 2.84 2.87 2.78 0.50 0.51 0.47
401 May 17, 2011 20.2 5.8 2.61 3.94 6.10 2.43 3.25 1.79 0.24 0.26 0.21
415 June 8, 2011 23.4 13.0 3.18 4.80 20.04 1.74 1.80 1.65 0.28 0.30 0.25
418 July 6, 2011 28.5 18.4 2.11 3.18 2.96 1.58 1.65 1.45 0.21 0.26 0.16
421 August 4, 2011 28.2 24.9 8.65 13.07 5.85 2.57 2.66 2.44 0.46 0.48 0.42
424 September 13, 2011 29.5 13.9 12.83 19.38 3.87 2.45 2.58 2.24 0.42 0.45 0.38
427 October 5, 2011 24.0 29.4 5.11 7.72 21.13 1.50 1.57 1.44 0.24 0.26 0.20
430 November 9, 2011 22.3 31.4 1.00 1.51 2.89 0.64 0.67 0.61 0.09 0.11 0.08
433 December 7, 2011 16.5 29.8 1.42 2.15 2.91 0.54 0.58 0.50 0.08 0.10 0.06
436 January 9, 2012 10.9 30.1 1.09 1.65 1.51 0.52 0.54 0.51 0.08 0.09 0.07
439 February 7, 2012 9.3 9.7 2.55 3.85 6.81 2.34 2.44 2.20 0.25 0.26 0.24
442 March 7, 2012 10.8 11.6 4.14 6.26 15.72 1.72 1.84 1.52 0.28 0.36 0.23
445 April 4, 2012 13.0 16.7 2.56 3.86 12.15 2.72 2.81 2.63 0.30 0.31 0.28 3.28 3.32 3.25
448 April 24, 2012 17.2 22.9 1.22 1.84 2.72
449 May 2, 2012 15.2 29.0 4.55 6.87 6.60 1.90 1.95 1.84 0.45 0.48 0.42 2.67 2.72 2.64
452 May 16, 2012 20.0 26.9 3.83 5.78 4.09 3.49 3.52 3.45 0.49 0.53 0.44 3.77 3.97 3.59
455 June 6, 2012 21.7 27.7 10.88 16.43 4.88 4.45 4.51 4.40 0.76 0.80 0.71 4.06 4.09 4.04
458 July 1, 2012 23.7 24.0 6.42 9.69 8.06 3.79 3.82 3.76 0.57 0.58 0.56 3.70 3.75 3.62
461 August 3, 2012 28.9 25.8 4.60 6.96 44.30 2.24 2.29 2.19 0.31 0.32 0.31 4.99 5.05 4.93
465 September 2, 2012 29.8 23.3 18.38 27.77 10.99 5.83 5.87 5.78 0.82 0.83 0.81 4.73 4.88 4.56
470 October 3, 2012 24.1 21.6 0.96 1.45 7.55 1.21 1.27 1.15 0.13 0.13 0.12 3.60 6.60 3.54
476 November 7, 2012 20.0 29.6 1.09 1.64 5.78 1.33 1.44 1.27 0.13 0.16 0.12 4.05 4.09 3.97
484 December 5, 2012 12.5 25.6 3.22 4.87 17.81 1.26 1.30 1.21 0.13 0.14 0.13 3.01 3.07 2.96
489 January 9, 2013 9.2 21.3 2.23 3.37 152.27 1.14 1.19 1.11 0.14 0.17 0.11 3.46 3.47 3.45
494 February 6, 2013 8.8 20.9 1.40 2.11 3.26 1.62 1.65 1.59 0.17 0.17 0.17 2.35 2.39 2.30
499 March 6, 2013 10.6 18.5 2.47 3.74 22.26 1.81 1.95 1.68 0.21 0.24 0.16 2.27 2.28 2.26
507 April 5, 2013 13.6 27.9 2.52 3.80 1.97 1.48 1.55 1.40 0.18 0.21 0.14 2.98 3.03 2.92
516 May 8, 2013 17.1 30.1 2.05 3.10 5.58 2.17 2.20 2.15 0.30 0.42 0.09 2.45 2.49 2.40
525 June 12, 2013 21.9 30.2 9.33 14.09 6.48 2.90 3.17 2.63 0.52 0.55 0.50 3.49 3.54 3.45
531 July 3, 2013 25.6 20.2 33.02 49.89 11.33 6.55 6.63 6.50 1.17 1.27 1.09 3.33 3.39 3.26
537 August 19, 2013 30.9 24.4 6.30 9.51 9.11 2.50 2.55 2.43 0.34 0.44 0.16 3.45 3.49 3.42
543 September 19, 2013 25.3 16.4 19.75 29.85 75.20 1.41 1.42 1.39 0.18 0.20 0.17 3.29 3.29 3.28
Avg. (including spikes) 19.3 22.9 9.05 13.68 11.15 2.19 0.33 3.42
Avg. (excluding spikes) 18.8 23.1 8.90 13.45 11.38 2.07 0.31 3.36
Max (including spikes) 30.9 31.6 134.02 202.50 152.27 6.55 1.17 4.99
Max (excluding spikes) 30.5 31.6 134.02 202.50 152.27 6.55 1.17 4.99
Min (including spikes) 6.3 3.9 0.85 1.28 0.65 0.52 0.08 2.27
Sum
Environmental deta
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( g C l-1)
Nitrogen
biomass
( g N l-1)
298 May 6, 2010 103,600 22,950 301,000 542.86 17.094 1.637 17.68 1.77 53.41 10.26 32.01
303 May 13, 2010 2,664 529 10,720 13.96 0.440 0.042 9.07 0.91 27.38 5.26 1.61
310 May 25, 2010 10,360 2,295 30,100 54.29 1.709 0.164 7.36 0.74 22.24 4.27 7.69
317 June 3, 2010 10,360 2,295 30,100 54.29 1.709 0.164 34.02 3.40 102.74 19.73 1.66
323 June 17, 2010 10,360 2,295 30,100 54.29 1.709 0.164 16.21 1.62 48.94 9.40 3.49
329 July 1, 2010 10,360 2,295 30,100 54.29 1.709 0.164 27.65 2.77 83.51 16.04 2.05
336 July 15, 2010 2,664 529 10,720 13.96 0.440 0.042 11.74 1.17 35.44 6.81 1.24
343 July 29, 2010 8,230 1,931 23,890 43.13 1.358 0.130 17.75 1.77 53.60 10.29 2.53
350 August 17, 2010 103,600 22,950 301,000 542.86 17.094 1.637 50.64 5.06 152.94 29.37 11.18
357 September 14, 2010 2,664 529 10,720 13.96 0.440 0.042 27.46 2.75 82.93 15.93 0.53
362 October 11, 2010 2,664 529 10,720 13.96 0.440 0.042 11.35 1.14 34.28 6.58 1.28
369 November 2, 2010 1,036 230 3,010 5.43 0.171 0.016 19.97 2.00 60.30 11.58 0.28
374 December 7, 2010 266 53 1,072 1.40 0.044 0.004 12.32 1.23 37.20 7.14 0.12
379 January 6, 2011 475 115 1,539 2.49 0.078 0.008 3.31 0.33 10.00 1.92 0.78
384 February 16, 2011 266 53 1,072 1.40 0.044 0.004 3.44 0.34 10.39 2.00 0.42
387 March 10, 2011 4,253 1,016 14,180 22.29 0.702 0.067 9.81 0.98 29.62 5.69 2.37
391 April 7, 2011 1,036 230 3,010 5.43 0.171 0.016 16.01 1.60 48.36 9.29 0.35
394 April 20, 2011 2,664 529 10,720 13.96 0.440 0.042 11.09 1.11 33.50 6.43 1.31
398 May 3, 2011 4,747 1,148 15,390 24.87 0.783 0.075 9.36 0.94 28.26 5.43 2.77
401 May 17, 2011 10,360 2,295 30,100 54.29 1.709 0.164 12.73 1.27 38.45 7.39 4.45
415 June 8, 2011 4,747 1,148 15,390 24.87 0.783 0.075 5.97 0.60 18.02 3.46 4.35
418 July 6, 2011 4,747 1,148 15,390 24.87 0.783 0.075 14.15 1.41 42.73 8.21 1.83
421 August 4, 2011 4,747 1,148 15,390 24.87 0.783 0.075 26.47 2.65 79.95 15.35 0.98
424 September 13, 2011 2,664 529 10,720 13.96 0.440 0.042 17.76 1.78 53.62 10.30 0.82
427 October 5, 2011 2,664 529 10,720 13.96 0.440 0.042 6.82 0.68 20.61 3.96 2.13
430 November 9, 2011 1,036 230 3,010 5.43 0.171 0.016 16.29 1.63 49.20 9.45 0.35
433 December 7, 2011 266 53 1,072 1.40 0.044 0.004 2.86 0.29 8.63 1.66 0.51
436 January 9, 2012 1,036 230 3,010 5.43 0.171 0.016 3.29 0.33 9.93 1.91 1.72
439 February 7, 2012 10,360 2,295 30,100 54.29 1.709 0.164 5.36 0.54 16.18 3.11 10.56
442 March 7, 2012 4,747 1,148 15,390 24.87 0.783 0.075 16.51 1.65 49.85 9.57 1.57
445 April 4, 2012 1,036 230 3,010 5.43 0.171 0.016 12.65 1.26 38.19 7.34 0.45
448 April 24, 2012 4,747 1,148 15,390 24.87 0.783 0.075
449 May 2, 2012 1,036 230 3,010 5.43 0.171 0.016 8.65 0.86 26.11 5.01 0.65
452 May 16, 2012 4,747 1,148 15,390 24.87 0.783 0.075 11.86 1.19 35.82 6.88 2.19
455 June 6, 2012 47,470 11,480 153,900 248.74 7.833 0.750 19.18 1.92 57.94 11.13 13.52
458 July 1, 2012 103,600 22,950 301,000 542.86 17.094 1.637 20.61 2.06 62.25 11.96 27.46
461 August 3, 2012 26,640 5,285 107,200 139.59 4.396 0.421 30.55 3.05 92.25 17.72 4.76
465 September 2, 2012 26,640 5,285 107,200 139.59 4.396 0.421 33.69 3.37 101.74 19.54 4.32
470 October 3, 2012 2,664 529 10,720 13.96 0.440 0.042 5.61 0.56 16.94 3.25 2.59
476 November 7, 2012 4,747 1,148 15,390 24.87 0.783 0.075 9.25 0.93 27.94 5.37 2.80
484 December 5, 2012 2,664 529 10,720 13.96 0.440 0.042 7.45 0.74 22.50 4.32 1.95
489 January 9, 2013 1,036 230 3,010 5.43 0.171 0.016 2.89 0.29 8.74 1.68 1.96
494 February 6, 2013 475 115 1,539 2.49 0.078 0.008 4.82 0.48 14.57 2.80 0.54
499 March 6, 2013 475 115 1,539 2.49 0.078 0.008 5.11 0.51 15.43 2.96 0.51
507 April 5, 2013 2,664 529 10,720 13.96 0.440 0.042 11.25 1.13 33.99 6.53 1.29
516 May 8, 2013 2,664 529 10,720 13.96 0.440 0.042 2.93 0.29 8.85 1.70 4.97
525 June 12, 2013 4,747 1,148 15,390 24.87 0.783 0.075 20.29 2.03 61.28 11.77 1.28
531 July 3, 2013 10,360 2,295 30,100 54.29 1.709 0.164 4.64 0.46 14.03 2.69 12.19
537 August 19, 2013 266,400 52,850 1,072,000 1395.94 43.956 4.209 18.29 1.83 55.24 10.61 79.57
543 September 19, 2013 2,664 529 10,720 13.96 0.440 0.042 3.36 0.34 10.14 1.95 4.33
Avg. (including spikes) 13,729 71.94 2.265 0.217 20.34 2.03 61.44 11.80 3.60
Avg. (excluding spikes) 4,670 24.47 0.771 0.074 19.50 1.95 58.90 11.31 1.59
Max (including spikes) 266,400 1395.94 43.956 4.209 107.52 10.75 324.72 62.36 79.57
Max (excluding spikes) 26,640 139.59 4.396 0.421 107.52 10.75 324.72 62.36 12.19
Min (including spikes) 40 0.21 0.007 0.001 2.86 0.29 8.63 1.66 0.04
Sum

























c UT4 UT5 UT6 La Sum
298 May 6, 2010 30 6 4 10
303 May 13, 2010 12 5 5
310 May 25, 2010 10 3 2 5
317 June 3, 2010 12 3 2 5
323 June 17, 2010 11 4 4
329 July 1, 2010 12 5 5
336 July 15, 2010 10 5 5
343 July 29, 2010 10 5 5
350 August 17, 2010 18 3 2 3 8
357 September 14, 2010 10 3 2 5
362 October 11, 2010 10 2 3 5
369 November 2, 2010 10 2 2 1 5
374 December 7, 2010 10 5 5
379 January 6, 2011 10 1 4 5
384 February 16, 2011 10 1 3 4
387 March 10, 2011 9 1 2 1 1 5
391 April 7, 2011 10 1 4 5
394 April 20, 2011 8 1 2 1 1 5
398 May 3, 2011 10 2 1 2 5
401 May 17, 2011 9 3 1 4
415 June 8, 2011 10 1 1 3 5
418 July 6, 2011 9 3 1 1 5
421 August 4, 2011 7 4 1 5
424 September 13, 2011 8 4 1 5
427 October 5, 2011 8 1 3 4
430 November 9, 2011 6 3 3
433 December 7, 2011 7 3 2 5
436 January 9, 2012 8 1 3 4
439 February 7, 2012 6 1 1
442 March 7, 2012 7 1 3 4
445 April 4, 2012 12 1 5 6
448 April 24, 2012 6 1 2 1 4
449 May 2, 2012 7 1 3 4
452 May 16, 2012 10 4 1 1 6
455 June 6, 2012 9 1 2 2 5
458 July 1, 2012 9 1 2 2 5
461 August 3, 2012 10 1 2 1 1 5
465 September 2, 2012 9 1 1 1 1 1 5
470 October 3, 2012 10 2 2 1 1 6
476 November 7, 2012 9 1 1 1 1 1 1 6
484 December 5, 2012 6 2 1 3
489 January 9, 2013 9 5 5
494 February 6, 2013 7 2 1 3
499 March 6, 2013 8 2 1 2 5
507 April 5, 2013 9 2 2 3 1 8
516 May 8, 2013 10 1 2 1 1 1 6
525 June 12, 2013 8 1 3 2 6
531 July 3, 2013 9 1 2 1 4
537 August 19, 2013 10 3 1 1 5
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?7  ??? (6/6)
??
78
Thra Bac Temp Sali Chl POC PON DOC
Thra  1
Bac  0.357**  1
Temp  0.373**  0.401**  1
Sali -0.296**  0.055 -0.139  1
Chl  0.060  0.527**  0.208* -0.032  1
POC  0.589**  0.399*  0.358* -0.247  0.762**  1
PON  0.458**  0.360*  0.334 -0.102  0.798**  0.952**  1
DOC  0.815**  0.768**  0.747**  0.114  0.220  0.343  0.267  1
*p < 0.05; **p < 0.01
?8  ?????????????????????? (Thra)??????????? (Bac)??? (Temp)??? 



































( g C l-1)
Nitrogen
biomass
( g N l-1)
27 March 14, 2008 11.2 29.4 15.14 22.88 - 2,271.0 374.9 9,224.0 11.90 0.375 0.036
32 April 2, 2008 11.4 22.4 1.18 1.78 - 385.5 90.2 1,323.0 2.02 0.064 0.006
38 April 16, 2008 13.6 26.3 2.12 3.20 - 4,747.0 1,148.0 15,390.0 24.87 0.783 0.075
44 April 24, 2008 15.8 20.3 25.09 37.91 - 266.4 52.9 1,072.0 1.40 0.044 0.004
50 May 1, 2008 17.8 23.3 5.21 7.87 - 474.7 114.8 1,539.0 2.49 0.078 0.008
56 May 14, 2008 16.1 29.9 3.04 4.59 - 40.1 5.5 136.5 0.21 0.007 0.001
63 May 27, 2008 21.1 14.1 2.84 4.29 - 1,036.0 229.5 3,010.0 5.43 0.171 0.016
69 June 10, 2008 22.1 16.5 8.79 13.28 2.0 1,036.0 229.5 3,010.0 5.43 0.171 0.016
75 June 26, 2008 22.4 23.3 26.73 40.39 - 425.3 101.6 1,418.0 2.23 0.070 0.007
82 July 10, 2008 26.7 21.8 7.81 11.80 2.0 10,360.0 2,295.0 30,100.0 54.29 1.709 0.164
88 July 24, 2008 28.0 26.8 2.10 3.17 3.0 399.5 94.2 1,357.0 2.09 0.066 0.006
94 August 6, 2008 29.3 25.3 8.33 12.58 1.0 10,360.0 2,295.0 30,100.0 54.29 1.709 0.164
100 August 21, 2008 26.8 30.5 2.40 3.62 3.0 474.7 114.8 1,539.0 2.49 0.078 0.008
106 September 4, 2008 26.2 30.9 4.92 7.43 2.0 266.4 52.9 1,072.0 1.40 0.044 0.004
112 September 18, 2008 25.3 30.7 9.57 14.45 2.5 266.4 52.9 1,072.0 1.40 0.044 0.004
118 October 9, 2008 22.9 26.7 2.85 4.30 4.0 266.4 52.9 1,072.0 1.40 0.044 0.004
124 October 30, 2008 21.0 30.7 3.45 5.22 4.5 103.5 5.5 300.5 0.54 0.017 0.002
130 November 18, 2008 19.2 30.8 4.59 6.94 7.0 474.7 114.8 1,539.0 2.49 0.078 0.008
136 December 9, 2008 14.1 29.1 0.74 1.12 6.5 103.5 5.5 300.5 0.54 0.017 0.002
142 January 6, 2009 12.9 31.1 1.34 2.02 6.5 40.1 5.5 136.5 0.21 0.007 0.001
148 February 3, 2009 8.7 21.5 1.08 1.64 3.5 - - - - - -
153 March 6, 2009 10.3 28.3 7.49 11.32 - 103.5 5.5 300.5 0.54 0.017 0.002
158 March 17, 2009 11.5 18.5 2.76 4.17 2.0 266.4 52.9 1,072.0 1.40 0.044 0.004
163 April 3, 2009 11.5 31.0 2.05 3.09 3.5 0 0 0 0 0 0
168 April 16, 2009 16.1 25.4 1.46 2.20 4.0 40.1 5.5 136.5 0.21 0.007 0.001
173 May 2, 2009 16.2 27.3 5.34 8.06 2.0 4,747.0 1,148.0 15,390.0 24.87 0.783 0.075
178 May 12, 2009 17.8 29.0 1.69 2.55 4.0 33.9 5.5 121.2 0.18 0.006 0.001
183 May 27, 2009 18.5 29.7 19.64 29.67 3.0 103.5 5.5 300.5 0.54 0.017 0.002
188 June 4, 2009 19.5 29.3 18.88 28.52 2.0 266.4 52.9 1,072.0 1.40 0.044 0.004
193 June 11, 2009 19.6 29.5 8.46 12.77 4.0 40.1 5.5 136.5 0.21 0.007 0.001
197 June 17, 2009 23.9 25.5 4.47 6.75 2.0 0 0 0 0 0 0
202 June 30, 2009 24.9 24.6 5.29 7.99 2.5 0 0 0 0 0 0
209 July 14, 2009 28.0 23.8 2.28 3.44 3.5 40.1 5.5 136.5 0.21 0.007 0.001
214 July 31, 2009 28.2 22.7 1.94 2.94 3.5 266.4 52.9 1,072.0 1.40 0.044 0.004
219 August 14, 2009 27.8 20.9 10.54 15.92 1.5 1,632.0 309.0 7,020.0 8.55 0.269 0.026
224 August 27, 2009 25.4 28.5 6.65 10.05 2.0 103.5 5.5 300.5 0.54 0.017 0.002
229 September 10, 2009 26.5 31.5 3.49 5.27 4.0 266.4 52.9 1,072.0 1.40 0.044 0.004
234 September 30, 2009 24.8 30.3 0.68 1.03 11.0 40.1 5.5 136.5 0.21 0.007 0.001
239 October 19, 2009 22.4 29.4 3.02 4.56 4.0 40.1 5.5 136.5 0.21 0.007 0.001
244 November 9, 2009 19.6 29.6 5.78 8.74 3.0 266.4 52.9 1,072.0 1.40 0.044 0.004
249 December 2, 2009 16.7 29.4 3.13 4.73 4.5 0 0 0 0 0 0
259 December 28, 2009 12.5 30.1 0.81 1.23 7.0 0 0 0 0 0 0
264 January 19, 2010 8.0 27.3 5.06 7.65 2.0 0 0 0 0 0 0
269 February 9, 2010 9.3 26.3 2.35 3.55 3.0 40.1 5.5 136.5 0.21 0.007 0.001
274 March 2, 2010 11.2 25.1 4.41 6.66 2.0 103.5 5.5 300.5 0.54 0.017 0.002
279 March 24, 2010 11.2 22.8 3.00 4.53 3.0 103.5 5.5 300.5 0.54 0.017 0.002
284 April 8, 2010 12.4 27.9 3.91 5.90 3.0 0 0 0 0 0 0
291 April 22, 2010 13.2 29.4 4.32 6.53 4.0 0 0 0 0 0 0
296 April 29, 2010 13.3 29.9 3.65 5.52 3.0 266.4 52.9 10,720.0 1.40 0.044 0.004
301 May 6, 2010 17.7 27.5 1.55 2.34 5.0 103.5 5.5 300.5 0.54 0.017 0.002
308 May 13, 2010 15.3 29.8 2.06 3.12 4.0 1,036.0 229.5 3,010.0 5.43 0.171 0.016
315 May 25, 2010 19.3 10.9 2.17 3.27 1.0 1,036.0 229.5 3,010.0 5.43 0.171 0.016
321 June 3, 2010 20.5 27.9 7.31 11.05 1.5 4,747.0 1,148.0 15,390.0 24.87 0.783 0.075
327 June 17, 2010 23.6 8.8 3.16 4.77 1.5 823.0 193.1 2,389.0 4.31 0.136 0.013
334 July 1, 2010 26.4 11.8 18.66 28.19 2.5 163.2 27.3 702.0 0.86 0.027 0.003
341 July 15, 2010 24.8 11.1 7.58 11.45 1.5 4,253.0 1,016.0 14,180.0 22.29 0.702 0.067
348 July 29, 2010 27.5 17.8 10.37 15.66 1.5 4,747.0 1,148.0 15,390.0 24.87 0.783 0.075
353 August 17, 2010 29.7 21.7 3.42 5.16 2.5 4,747.0 1,148.0 15,390.0 24.87 0.783 0.075
360 September 14, 2010 28.2 28.7 6.21 9.39 3.0 474.7 114.8 1,539.0 2.49 0.078 0.008
367 October 11, 2010 23.5 20.2 2.24 3.38 3.0 474.7 114.8 1,539.0 2.49 0.078 0.008
372 November 2, 2010 20.3 28.4 25.80 38.98 5.0 266.4 52.9 1,072.0 1.40 0.044 0.004
377 December 7, 2010 15.5 29.3 9.94 15.02 3.0 103.5 5.5 300.5 0.54 0.017 0.002
382 January 6, 2011 10.5 31.1 3.06 4.62 6.0 266.4 52.9 1,072.0 1.40 0.044 0.004
Average 19.3 25.5 6.12 9.24 3.4 1,061.4 5.47 0.172 0.017
Min 8.0 8.8 0.68 1.03 1.0 0 0 0 0






524 µm3 cell-1???????? (Naganuma et al. 1998)??????????????????

































( g C l-1)
Nitrogen
biomass










( g C l-1)
Nitrogen
biomass
( g N l-1)
Sta. 8 1103-8S March 8, 2011 34 8.7 31.3 1.68 0.92 2.42 0 0 0 0 0 0 2.28 0.23 6.89 1.32 0
 surface 1104-8S April 5, 2011 34 10.2 31.2 5.09 11.43 5.47 0 0 0 0 0 0 10.77 1.08 32.53 6.25 0
 (0-0.5m) 1105-8S May 11, 2011 34 14.1 32.4 1.59 0.63 1.76 266.4 52.9 1072.0 1.40 0.044 0.004 2.54 0.25 7.66 1.47 0.57
1106-8S June 6, 2011 34 19.1 31.2 1.55 0.50 1.25 163.2 20.7 702.0 0.86 0.027 0.003 2.43 0.24 7.34 1.41 0.37
1107-8S July 5, 2011 34 22.7 31.8 5.58 12.94 7.75 266.4 52.9 1072.0 1.40 0.044 0.004 3.04 0.30 9.17 1.76 0.48
1108-8S August 1, 2011 34 25.7 30.9 2.34 2.94 1.89 40.1 5.5 136.5 0.21 0.007 0.001 5.39 0.54 16.29 3.13 0.04
1109-8S September 6, 2011 33 25.0 22.2 2.32 2.89 5.46 163.2 20.7 702.0 0.86 0.027 0.003 3.61 0.36 10.90 2.09 0.25
1110-8S October 4, 2011 33 23.8 30.2 3.78 7.39 2.58 474.7 114.8 1539.0 2.49 0.078 0.008 6.25 0.63 18.88 3.63 0.41
1111-8S November 8, 2011 33 21.6 31.3 1.15 -0.72 0.52 103.5 5.5 300.5 0.54 0.017 0.002 2.55 0.26 7.71 1.48 0.22
1112-8S December 5, 2011 33.5 17.4 31.5 1.16 -0.70 0.46 266.4 52.9 1072.0 1.40 0.044 0.004 1.05 0.11 3.18 0.61 1.38
1201-8S January 6, 2012 34 12.5 32.0 0.72 0.29 40.1 5.5 136.5 0.21 0.007 0.001 1.11 0.11 3.34 0.64 0.20
1202-8S February 3, 2012 34.5 9.7 32.0 1.05 -1.64 1.39 0 0 0 0 0 0 1.63 0.16 4.91 0.94 0
1203-8S March 6, 2012 34 9.1 30.5 7.02 16.82 1.10 40.1 5.5 136.5 0.21 0.007 0.001 4.00 0.40 12.08 2.32 0.05
1204-8S April 9, 2012 34 12.2 29.6 0.31 -3.93 0.31 103.5 5.5 300.5 0.54 0.017 0.002 1.75 0.18 5.29 1.02 0.32
1205-8S May 7, 2012 33 15.2 31.9 1.54 -0.14 0.58 266.4 52.9 1072.0 1.40 0.044 0.004 7.07 0.71 21.36 4.10 0.21
1206-8S June 4, 2012 32.5 17.9 32.1 0.73 -2.66 0.61 0 0 0 0 0 0 6.43 0.64 19.42 3.73 0
1207-8S July 2, 2012 32.5 22.1 30.8 0.64 -2.91 0.40 163.2 20.7 702.0 0.86 0.027 0.003 5.93 0.59 17.91 3.44 0.15
1208-8S August 6, 2012 33.5 26.3 31.0 2.30 2.22 0.88 0 0 0 0 0 0 20.72 2.07 62.58 12.02 0
1209-8S September 3, 2012 32.5 28.0 31.5 0.95 -1.97 0.97 266.4 52.9 1072.0 1.40 0.044 0.004 10.79 1.08 32.58 6.26 0.13
1210-8S October 2, 2012 33.5 25.7 31.9 0.48 -3.42 0.60 266.4 52.9 1072.0 1.40 0.044 0.004 3.57 0.36 10.79 2.07 0.41
1211-8S November 5, 2012 33 21.5 31.9 0.90 -2.11 0.78 40.1 5.5 136.5 0.21 0.007 0.001 8.07 0.81 24.38 4.68 0.03
1212-8S December 3, 2012 33.5 16.3 31.6 0.40 -3.65 0.26 0 0 0 0 0 0 2.07 0.21 6.26 1.20 0
1301-8S January 7, 2013 34 10.2 30.1 3.51 5.95 0.79 0 0 0 0 0 0 3.32 0.33 10.03 1.93 0
1302-8S February 1, 2013 33.5 9.2 30.5 6.15 13.31 0.86 0 0 0 0 0 0 2.73 0.27 8.25 1.59 0
Avg. 17.7 30.9 2.20 2.35 1.64 122.1 22.0 467.7 0.64 0.020 0.002 4.96 0.50 14.99 2.88 0.22
Min 8.7 22.2 0.31 -3.93 0.26 0 0 0 0 0 0 1.05 0.11 3.18 0.61 0
Max 28.0 32.4 7.02 16.82 7.75 474.7 114.8 1539.0 2.49 0.078 0.008 20.72 2.07 62.58 12.02 1.38
Sum
Sta. 8 1103-8B March 8, 2011 34 8.5 32.4 0.42 -2.97 0.33 0 0 0 0 0 0 1.09 0.11 3.30 0.63 0
 bottom 1104-8B April 5, 2011 34 9.6 32.4 1.36 -0.06 1.55 40.1 5.5 136.5 0.21 0.007 0.001 2.09 0.21 6.31 1.21 0.10
 (-2.0m) 1105-8B May 11, 2011 34 13.9 32.6 1.41 0.08 1.52 40.1 5.5 136.5 0.21 0.007 0.001 3.89 0.39 11.76 2.26 0.06
1106-8B June 6, 2011 34 16.9 32.0 1.03 -1.09 2.22 81.7 5.5 237.4 0.43 0.013 0.001 2.04 0.20 6.15 1.18 0.22
1107-8B July 5, 2011 34 21.0 32.1 0.74 -1.98 2.58 40.1 5.5 136.5 0.21 0.007 0.001 1.25 0.13 3.78 0.73 0.18
1108-8B August 1, 2011 34 24.4 31.7 1.02 -1.12 5.01 0 0 0 0 0 0 1.50 0.15 4.53 0.87 0
1109-8B September 6, 2011 33 25.4 32.6 0.52 -2.69 3.32 81.7 5.5 237.4 0.43 0.013 0.001 1.07 0.11 3.24 0.62 0.42
1110-8B October 4, 2011 33 25.2 31.8 0.65 -2.26 1.60 0 0 0 0 0 0 1.96 0.20 5.93 1.14 0
1111-8B November 8, 2011 33 22.7 32.2 0.43 -2.94 0.60 0 0 0 0 0 0 5.57 0.56 16.83 3.23 0
1112-8B December 5, 2011 33.5 18.8 32.2 0.66 -2.24 0.43 0 0 0 0 0 0 2.09 0.21 6.31 1.21 0
1201-8B January 6, 2012 34 12.5 32.0 0.68 0.50 0 0 0 0 0 0 0.50 0.05 1.51 0.29 0
1202-8B February 3, 2012 34.5 9.7 32.0 0.72 -2.67 0.88 0 0 0 0 0 0 1.73 0.17 5.23 1.00 0
1203-8B March 6, 2012 34 9.6 32.1 0.62 -2.97 1.49 40.1 5.5 136.5 0.21 0.007 0.001 2.11 0.21 6.37 1.22 0.10
1204-8B April 9, 2012 34 11.1 31.7 0.96 -1.92 2.64 0 0 0 0 0 0 2.64 0.26 7.98 1.53 0
1205-8B May 7, 2012 33 14.9 32.3 1.02 -1.72 0.88 103.5 5.5 300.5 0.54 0.017 0.002 4.47 0.45 13.49 2.59 0.13
1206-8B June 4, 2012 32.5 17.4 32.4 0.77 -2.50 1.44 40.1 5.5 136.5 0.21 0.007 0.001 11.08 1.11 33.45 6.42 0.02
1207-8B July 2, 2012 32.5 20.6 32.2 0.68 -2.80 2.64 0 0 0 0 0 0 10.83 1.08 32.69 6.28 0
1208-8B August 6, 2012 33.5 25.0 31.5 0.82 -2.36 1.29 40.1 5.5 136.5 0.21 0.007 0.001 14.86 1.49 44.88 8.62 0.01
1209-8B September 3, 2012 32.5 27.3 31.8 0.76 -2.53 3.91 103.5 5.5 300.5 0.54 0.017 0.002 6.82 0.68 20.61 3.96 0.08
1210-8B October 2, 2012 33.5 25.7 32.3 0.34 -3.84 1.31 0 0 0 0 0 0 2.68 0.27 8.09 1.55 0
1211-8B November 5, 2012 33 21.5 31.9 0.88 -2.16 0.50 474.7 114.8 1539.0 2.49 0.078 0.008 7.95 0.79 24.01 4.61 0.33
1212-8B December 3, 2012 33.5 17.0 31.9 0.50 -3.33 0.74 40.1 5.5 136.5 0.21 0.007 0.001 4.18 0.42 12.62 2.42 0.05
1301-8B January 7, 2013 34 11.0 31.7 0.91 -2.09 1.14 0 0 0 0 0 0 3.41 0.34 10.30 1.98 0
1302-8B February 1, 2013 33.5 9.3 31.9 1.41 -1.39 1.27 0 0 0 0 0 0 1.34 0.13 4.05 0.78 0
Avg. 17.5 32.1 0.80 -2.15 1.66 46.9 7.3 148.8 0.25 0.008 0.001 4.05 0.40 12.23 2.35 0.07
Min 8.5 31.5 0.34 -3.84 0.33 0 0 0 0 0 0 0.50 0.05 1.51 0.29 0
Max 27.3 32.6 1.41 0.08 5.01 474.7 114.8 1539.0 2.49 0.078 0.008 14.86 1.49 44.88 8.62 0.42
Sum












????524 µm3 cell-1?0.1 µm3 cell-1 ???????? (Naganuma et al. 1998, Naganuma & Miura 1997)???????
????????????????????????????1.65 x 10-4 µg C cell-1 ? 1.58 x 10-5 µg N cell-1?30.2 fg C 
cell-1 ? 5.8 fg N cell-1???????? (Kimura et al. 1999, Fukuda et al. 1998)?Ob1???????????2????














b Ob2 Ob3 Ob3i Ob4 Pa Bo Ul Si Tc Tau Ts Tk
Tag/






c UT4 UT5 UT6 La Sum
Sta. 8 1103-8S March 8, 2011 0 0
 surface 1104-8S April 5, 2011 0 0
 (0-0.5m) 1105-8S May 11, 2011 3 3 3
1106-8S June 6, 2011 5 5 5
1107-8S July 5, 2011 5 3 2 5
1108-8S August 1, 2011 0 0
1109-8S September 6, 2011 6 2 2 4
1110-8S October 4, 2011 2 2 2
1111-8S November 8, 2011 5 3 3
1112-8S December 5, 2011 9 2 2 4
1201-8S January 6, 2012 4 3 3
1202-8S February 3, 2012 0 0
1203-8S March 6, 2012 1 1 1
1204-8S April 9, 2012 4 1 1
1205-8S May 7, 2012 6 2 2
1206-8S June 4, 2012 0 0
1207-8S July 2, 2012 6 5 5
1208-8S August 6, 2012 0 0
1209-8S September 3, 2012 6 1 2 3
1210-8S October 2, 2012 6 1 2 3
1211-8S November 5, 2012 3 2 2
1212-8S December 3, 2012 0 0
1301-8S January 7, 2013 0 0




Sum 71 0 0 0 0 8 0 0 4 0 0 0 0 0 5 0 0 0 0 0 0 0 0 7 0 16 2 0 0 4 0 46
Sta. 8 1103-8B March 8, 2011 0 0
 bottom 1104-8B April 5, 2011 8 4 4
 (-2.0m) 1105-8B May 11, 2011 2 2 2
1106-8B June 6, 2011 5 5 5
1107-8B July 5, 2011 5 5 5
1108-8B August 1, 2011 0 0
1109-8B September 6, 2011 5 4 4
1110-8B October 4, 2011 0 0
1111-8B November 8, 2011 0 0
1112-8B December 5, 2011 0 0
1201-8B January 6, 2012 0 0
1202-8B February 3, 2012 0 0
1203-8B March 6, 2012 2 0
1204-8B April 9, 2012 0 0
1205-8B May 7, 2012 4 2 2
1206-8B June 4, 2012 5 3 3
1207-8B July 2, 2012 0 0
1208-8B August 6, 2012 5 3 3
1209-8B September 3, 2012 5 2 2
1210-8B October 2, 2012 0 0
1211-8B November 5, 2012 7 4 1 5
1212-8B December 3, 2012 3 2 2
1301-8B January 7, 2013 0 0








Number of isolates in each phylogenetic group
































( g C l-1)
Nitrogen
biomass










( g C l-1)
Nitrogen
biomass
( g N l-1)
Sta. 15 1103-15S March 7, 2011 19 8.8 27.2 11.11 30.03 2.68 163.2 20.7 702.0 0.86 0.027 0.003 6.88 0.69 20.78 3.99 0.13
 surface 1104-15S April 5, 2011 18.5 10.5 30.8 3.50 6.52 2.66 0 0 0 0 0 0 17.01 1.70 51.37 9.87 0
 (0-0.5m) 1105-15S May 9, 2011 18.5 16.9 30.1 2.60 3.76 3.70 266.4 52.9 1072.0 1.40 0.044 0.004 14.47 1.45 43.70 8.39 0.10
1106-15S June 6, 2011 18.5 20.0 20.4 12.25 33.54 5.74 266.4 52.9 1072.0 1.40 0.044 0.004 7.32 0.73 22.12 4.25 0.20
1107-15S July 5, 2011 18.5 25.2 28.9 -1.48 -8.84 4.22 266.4 52.9 1072.0 1.40 0.044 0.004 3.86 0.39 11.65 2.24 0.38
1108-15S August 1, 2011 18.5 28.0 24.6 21.17 61.10 6.58 4747.0 1148.0 15390.0 24.87 0.783 0.075 30.33 3.03 91.60 17.59 0.86
1109-15S September 6, 2011 18 25.9 22.2 1.41 0.09 7.45 103.5 5.5 300.5 0.54 0.017 0.002 3.75 0.38 11.33 2.18 0.15
1110-15S October 4, 2011 19 23.6 28.9 6.57 16.03 2.59 103.5 5.5 300.5 0.54 0.017 0.002 6.14 0.61 18.56 3.56 0.09
1111-15S November 8, 2011 18.5 21.1 29.6 1.76 1.16 0.76 266.4 52.9 1072.0 1.40 0.044 0.004 6.43 0.64 19.42 3.73 0.23
1112-15S December 5, 2011 19 16.9 30.7 1.87 1.50 0.99 158.9 19.4 674.7 0.83 0.026 0.003 2.22 0.22 6.69 1.28 0.39
1201-15S January 7, 2012 19 11.0 29.9 1.04 0.63 136.5 5.5 300.5 0.72 0.023 0.002 0.61 0.06 1.83 0.35 1.23
1202-15S February 6, 2012 19 8.0 29.0 5.50 12.10 1.16 0 0 0 0 0 0 3.77 0.38 11.38 2.19 0
1203-15S March 6, 2012 18.5 9.3 29.0 12.71 34.41 1.44 103.5 5.5 300.5 0.54 0.017 0.002 5.75 0.58 17.37 3.34 0.10
1204-15S April 9, 2012 18.5 11.9 27.6 0.49 -3.39 0.54 266.4 52.9 1072.0 1.40 0.044 0.004 3.14 0.31 9.49 1.82 0.46
1205-15S May 7, 2012 18 17.2 26.1 5.58 12.37 1.56 474.7 114.8 1539.0 2.49 0.078 0.008 8.25 0.83 24.92 4.79 0.31
1206-15S June 4, 2012 18 19.9 29.2 2.07 1.51 0.54 40.1 5.5 136.5 0.21 0.007 0.001 5.93 0.59 17.91 3.44 0.04
1207-15S July 2, 2012 18 22.6 27.7 1.99 1.26 0.82 474.7 114.8 1539.0 2.49 0.078 0.008 24.83 2.48 74.99 14.40 0.10
1208-15S August 6, 2012 18.5 27.5 29.0 5.10 10.89 1.72 266.4 52.9 1072.0 1.40 0.044 0.004 31.40 3.14 94.84 18.21 0.05
1209-15S September 3, 2012 19 29.0 28.1 4.63 9.43 0.58 2664.0 528.5 10720.0 13.96 0.440 0.042 17.29 1.73 52.22 10.03 0.84
1210-15S October 2, 2012 19 25.2 27.7 0.68 -2.80 1.98 266.4 52.9 1072.0 1.40 0.044 0.004 4.79 0.48 14.46 2.78 0.30
1211-15S November 5, 2012 19 20.1 30.6 11.05 29.26 1.07 1036.0 229.5 3010.0 5.43 0.171 0.016 17.83 1.78 53.84 10.34 0.32
1212-15S December 3, 2012 18.5 15.6 30.1 0.97 -1.89 0.50 0 0 0 0 0 0 3.79 0.38 11.44 2.20 0
1301-15S January 7, 2013 18.5 9.1 27.6 4.12 7.84 0.99 40.1 5.5 136.5 0.21 0.007 0.001 3.50 0.35 10.57 2.03 0.06
1302-15S February 1, 2013 19 9.6 28.9 4.10 6.95 1.04 103.5 5.5 300.5 0.54 0.017 0.002 2.18 0.22 6.58 1.26 0.26
Avg. 18.0 28.1 5.03 11.43 2.16 508.9 107.7 1785.6 2.67 0.084 0.008 9.64 0.96 29.13 5.59 0.27
Min 8.0 20.4 -1.48 -8.84 0.50 0 0 0 0 0 0 0.61 0.06 1.83 0.35 0
Max 29.0 30.8 21.17 61.10 7.45 4747.0 1148.0 15390.0 24.87 0.783 0.075 31.40 3.14 94.84 18.21 1.23
Sum
Sta. 15 1103-15B March 7, 2011 19 8.5 32.5 2.21 2.56 0.65 103.5 5.5 300.5 0.54 0.017 0.002 1.35 0.14 4.08 0.78 0.42
 bottom 1104-15B April 5, 2011 18.5 9.5 32.3 1.02 -1.14 1.62 0.0 0 0 0 0 0 5.24 0.52 15.83 3.04 0
 (-1.0m) 1105-15B May 9, 2011 18.5 13.2 32.4 0.90 -1.49 2.41 163.2 20.7 702.0 0.86 0.027 0.003 1.71 0.17 5.18 0.99 0.52
1106-15B June 6, 2011 18.5 15.7 32.3 1.48 0.29 3.25 0.0 0 0 0 0 0 3.75 0.38 11.33 2.18 0
1107-15B July 5, 2011 18.5 19.5 31.4 0.94 -1.38 2.11 0.0 0 0 0 0 0 4.18 0.42 12.62 2.42 0
1108-15B August 1, 2011 18.5 23.0 32.0 1.17 -0.65 4.64 0.0 0 0 0 0 0 8.90 0.89 26.87 5.16 0
1109-15B September 6, 2011 18 25.9 32.0 0.47 -2.83 1.45 0.0 0 0 0 0 0 0.57 0.06 1.73 0.33 0
1110-15B October 4, 2011 19 25.2 31.6 0.89 -1.54 5.46 40.1 5.5 136.5 0.21 0.007 0.001 3.93 0.39 11.87 2.28 0.06
1111-15B November 8, 2011 18.5 22.8 32.2 0.60 -2.43 3.26 40.1 5.5 136.5 0.21 0.007 0.001 6.79 0.68 20.50 3.94 0.03
1112-15B December 5, 2011 19 18.6 32.0 1.14 -0.74 1.97 0.0 0 0 0 0 0 1.63 0.16 4.91 0.94 0
1201-15B January 7, 2012 19 12.7 32.1 0.83 4.21 0.0 0 0 0 0 0 0.63 0.06 1.89 0.36 0
1202-15B February 6, 2012 19 9.3 31.8 3.91 7.20 1.71 0.0 0 0 0 0 0 1.57 0.16 4.75 0.91 0
1203-15B March 6, 2012 18.5 9.2 31.7 1.60 0.06 1.33 0.0 0 0 0 0 0 1.32 0.13 3.99 0.77 0
1204-15B April 9, 2012 18.5 10.7 31.6 1.47 -0.36 11.74 0.0 0 0 0 0 0 4.68 0.47 14.13 2.71 0
1205-15B May 7, 2012 18 14.4 32.1 1.93 1.08 6.04 266.4 52.9 1072.0 1.40 0.044 0.004 5.29 0.53 15.97 3.07 0.28
1206-15B June 4, 2012 18 16.9 32.3 1.02 -1.75 5.82 40.1 5.5 136.5 0.21 0.007 0.001 8.07 0.81 24.38 4.68 0.03
1207-15B July 2, 2012 18 19.1 32.0 0.84 -2.28 2.95 40.1 5.5 136.5 0.21 0.007 0.001 17.26 1.73 52.11 10.01 0.01
1208-15B August 6, 2012 18.5 24.2 31.5 0.92 -2.04 2.75 163.2 20.7 702.0 0.86 0.027 0.003 9.82 0.98 29.67 5.70 0.09
1209-15B September 3, 2012 19 27.2 31.8 1.02 -1.75 4.37 103.5 5.5 300.5 0.54 0.017 0.002 4.32 0.43 13.06 2.51 0.13
1210-15B October 2, 2012 19 25.7 32.2 0.47 -3.43 4.28 40.1 5.5 136.5 0.21 0.007 0.001 4.09 0.41 12.35 2.37 0.05
1211-15B November 5, 2012 19 21.4 31.9 1.01 -1.77 1.03 40.1 5.5 136.5 0.21 0.007 0.001 7.93 0.79 23.95 4.60 0.03
1212-15B December 3, 2012 18.5 17.1 31.8 0.50 -3.33 2.40 0.0 0 0 0 0 0 4.56 0.46 13.76 2.64 0
1301-15B January 7, 2013 18.5 11.6 31.9 1.61 0.10 2.56 40.1 5.5 136.5 0.21 0.007 0.001 2.00 0.20 6.04 1.16 0.11
1302-15B February 1, 2013 19 9.4 31.9 2.21 1.09 2.03 0.0 0 0 0 0 0 1.73 0.17 5.23 1.00 0
Avg. 17.1 32.0 1.26 -0.72 3.34 45.0 6.0 168.0 0.24 0.007 0.001 4.64 0.46 14.01 2.69 0.07
Min 8.5 31.4 0.47 -3.43 0.65 0.0 0 0 0 0 0 0.57 0.06 1.73 0.33 0
Max 27.2 32.5 3.91 7.20 11.74 266.4 52.9 1072.0 1.40 0.044 0.004 17.26 1.73 52.11 10.01 0.52
Sum



















b Ob2 Ob3 Ob3i Ob4 Pa Bo Ul Si Tc Tau Ts Tk
Tag/






c UT4 UT5 UT6 La Sum
Sta. 15 1103-15S March 7, 2011 4 2 2
 surface 1104-15S April 5, 2011 0 0
 (0-0.5m) 1105-15S May 9, 2011 3 3 3
1106-15S June 6, 2011 5 5 5
1107-15S July 5, 2011 5 3 2 5
1108-15S August 1, 2011 5 5 5
1109-15S September 6, 2011 6 4 4
1110-15S October 4, 2011 7 2 2 4
1111-15S November 8, 2011 6 3 3
1112-15S December 5, 2011 6 2 2 4
1201-15S January 7, 2012 5 4 4
1202-15S February 6, 2012 0 0
1203-15S March 6, 2012 7 2 2 4
1204-15S April 9, 2012 3 1 1
1205-15S May 7, 2012 5 2 1 3
1206-15S June 4, 2012 5 1 2 3
1207-15S July 2, 2012 6 1 3 4
1208-15S August 6, 2012 6 3 3
1209-15S September 3, 2012 6 1 2 3
1210-15S October 2, 2012 6 3 1 4
1211-15S November 5, 2012 8 3 1 4
1212-15S December 3, 2012 0 0
1301-15S January 7, 2013 6 3 3




Sum 113 0 1 7 0 0 2 4 6 2 0 0 0 0 0 0 1 0 3 0 6 0 0 18 0 18 2 0 1 0 0 71
Sta. 15 1103-15B March 7, 2011 3 3 3
 bottom 1104-15B April 5, 2011 0 0
 (-1.0m) 1105-15B May 9, 2011 3 3 3
1106-15B June 6, 2011 0 0
1107-15B July 5, 2011 0 0
1108-15B August 1, 2011 0 0
1109-15B September 6, 2011 0 0
1110-15B October 4, 2011 1 1 1
1111-15B November 8, 2011 0 0
1112-15B December 5, 2011 0 0
1201-15B January 7, 2012 0 0
1202-15B February 6, 2012 0 0
1203-15B March 6, 2012 0 0
1204-15B April 9, 2012 0 0
1205-15B May 7, 2012 1 1 1
1206-15B June 4, 2012 0 0
1207-15B July 2, 2012 2 2 2
1208-15B August 6, 2012 5 2 1 3
1209-15B September 3, 2012 5 1 2 3
1210-15B October 2, 2012 0 0
1211-15B November 5, 2012 0 0
1212-15B December 3, 2012 0 0
1301-15B January 7, 2013 0 0




Sum 20 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0 1 0 0 3 0 0 0 7 0 0 0 0 0 0 0 16




?10  ??? (4/4)
??
84
Thra Bac Temp Sali Chl
Thra  1
Bac -0.072  1
Temp  0.479*  0.421*  1
Sali -0.036  0.052 -0.174  1
Chl -0.057  0.045 -0.306 -0.144  1
*p < 0.05
?11  ???8S?????????????????? (Thra)???????




Thra Bac Temp Sali Chl
Thra  1
Bac  0.446*  1
Temp  0.353  0.377  1
Sali  0.007  0.130 -0.235  1
Chl  0.247  0.137 -0.298 -0.237  1
*p < 0.05
?12  ???15S?????????????????? (Thra)??????
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The Shukugawa River Mouth
Shukugawa River
? 4  ??????????????????????????
A. ????????????????? (?? )? B. ??????? (????????????? )?
C. ???? (????????????? )?D. ??????? (?????? ) ??? (???? )?









































? 5  ??? 15S????????????????????? a?? ?????
FRPSDFW&7'????????????????????????????????????????? a
????????????????????????????????????????????????








10 ml 1 ml 1 ml
Discard
1 ml 1 ml 1 ml 1 ml










UT3a: XQLGHQWLÀHGWKUDXVWRFK\WULd 3a 
Tk: Thraustochytrium aff. kinnei
6F: Schizochytrium VS
Pa: Parietichytrium VS 
%RBtoryochytrium VS
Si: Sicyoidochytrium VS 
$S: Aplanochytrium VS 
Ob1: Oblongichytrium VS
7S: Thraustochytrium aff. pachydermum / QPX 
La: Labyrinthula sS 
UT1: XQLGHQWLÀHGWKUDXVWRFK\WULd 1
UT2b: XQLGHQWLÀHGWKUDXVWRFK\WULd 2b
Tau: Thraustochytrium aff. aureum
TV: Thraustochytrium aff. striatum
TF: Thraustochytrium aff. caudivorum
Ul: Ulkenia VS
Au1: Aurantiochytrium VS





















Thraustochytrium aff. kinnei (Tk)
Parietichytrium sp. (Pa)
Thraustochytrium aff. aureum (Tau)
Botryochytrium sp. (Bo)
Thraustochytrium aff. striatum (Ts)
Ulkenia sp. (Ul)
unidentified thraustochytrid 1 (UT1)
unidentified thraustochytrid 2a (UT2a)
unidentified thraustochytrid 2b (UT2b)
unidentified thraustochytrid 6 (UT6)
Thraustochytrium aff. aggregatum (Tag)
unidentified thraustochytrid 7 (UT7)
unidentified thraustochytrid 3b (UT3b)
unidentified thraustochytrid 4 (UT4)
Sicyoidochytrium sp. (Si)
Thraustochytrium aff. caudivorum (Tc)
unidentified thraustochytrid 3c (UT3c)
unidentified thraustochytrid 3a (UT3a)
Aurantiochytrium limacinum (Al)
Aurantiochytrium sp. 1 (Au1)
Labyrinthulid quahog parasite QPX
Thraustochytriidae sp. C9G
Aurantiochytrium sp. 2 (Au2)
Thraustochytrium aff. pachydermum (Tp)
unidentified thraustochytrid 5 (UT5)
Labyrinthula sp. (La)
Aplanochytrium sp. (Ap)
Oblongichytrium sp. 1 (Ob1)
Oblongichytrium sp. 2 (Ob2)
Oblongichytrium sp. 3 (Ob3)
Oblongichytrium sp. 4 (Ob4)
Oblongichytrium sp. 5 (Ob5)
Out group
Botryochytrium radiatum #16  AB022115
SEK 673  AB973506
Botryochytrium radiatum SEK 353  AB355410
SEK 598  AB973507
SEK 597  AB973505
SEK 621  AB973516
SEK 677  AB973517
Thraustochytrium aureum ATCC 34304  AB022110
Thraustochytrium roseum ATCC 28210  AB973566
Parietichytrium sp. H1-14  AB073305
SEK 592  AB973508
Parietichytrium sarkarianum SEK 351  AB355411
Parietichytrium sarkarianum SEK 364  AB244715
Thraustochytrium kinnei KMPB 1694d  L34668
SEK 680  AB973523
SEK 617  AB973521
SEK 618  AB973522
Thraustochytrium gaertnerium ATCC PRA-148  AY705753
SEK 582  AB973511
Schizochytrium aggregatum ATCC 28209  AB022106
SEK 579  AB973510
SEK 674  AB973512
SEK 577  AB973509
Schizochytrium sp. NBRC 102615  AB290576
Schizochytrium sp. NBRC 102617  AB290578
Thraustochytrium striatum ATCC 24473  AB022112
SEK 687  AB973527
SEK 686  AB973526
Ulkenia amoeboidea SEK 214  AB290355
Ulkenia visurgensis ATCC 28208  AB022116
SEK 689  AB973530
SEK 615  AB973528
SEK 688  AB973529
Ulkenia profunda BUTRBG 111  DQ023615
Ulkenia profunda KMPB N 3077a  L34054
SEK 705  AB973561
Thraustochytrium sp. HK5  FJ821499
SEK 690  AB973545
SEK 692  AB973547
SEK 691  AB973546
SEK693  AB973548
SEK 694  AB973549
SEK 695  AB973550
Thraustochytriidae sp. M4-103  AB073307
SEK 697  AB973552
SEK 696  AB973551
SEK 698  AB973553
Thraustochytrium sp. AR2-19  AB810952
Sicyoidochytrium minutum NBRC 102975  AB290585
Sicyoidochytrium sp. NBRC 102979  AB183659
SEK 675  AB973513
SEK 676  AB973514
Thraustochytrium caudivorum ATCC PRA-210  EF114348
SEK 616  AB973518
SEK 678  AB973519
SEK 679  AB973520
SEK 703  AB973558
SEK 701  AB973556
Aurantiochytrium sp. BAFC cult. 3545  HQ228949
SEK 700  AB973555
Aurantiochytrium sp. JC3  KF718864
Thraustochytriidae sp. H41  DQ459556
SEK 702  AB973557
SEK 699  AB973554
Aurantiochytrium sp. BAFC cult. 3537  HQ228987
Thraustochytrium sp. HK8a  FJ821495
Thraustochytriidae sp. #32  DQ367052
Aurantiochytrium limacinum ATCC MYA-1381  AB973564
Aurantiochytrium sp. mh0186  AB362211
Aurantiochytrium sp. RCC 893  AB973565
Aurantiochytrium sp. SEK 217  AB290572
Aurantiochytrium sp. SEK 218  AB290573
Thraustochytriidae sp. BURABG 162  DQ100295
Aurantiochytrium sp. N1-27  AB073308
SEK 605  AB973502
Aurantiochytrium sp. NBRC 102614  AB290574
SEK 634  AB973503
SEK 706  AB973559
Thraustochytrium aggregatum KMPB N-BA-110  AB022109
SEK 619  AB973515
Labyrinthulid quahog parasite QPX  AY052644
SEK 683  AB973562
SEK 684  AB973563
Thraustochytriidae sp. C9G  AF474172
SEK 681  AB973524
Thraustochytrium pachydermum KMPB N-BA-114  AB022113
SEK 682  AB973525
SEK 704  AB973560
Thraustochytrium sp. AR2-1  AB810959
Labyrinthula sp. NBRC 33215  AB022105
Labyrinthula sp. N8  AB246794
Labyrinthula sp. L59  AB095092
Labyrinthula sp. L72  AB220158
SEK 603  AB973543
SEK 717  AB973544
Aplanochytrium stocchinoi  AJ519935
Aplanochytrium minutum  L27634
Aplanochytrium kerguelense KMPB N-BA-107  AB022103
SEK 707  AB973532
SEK 708  AB973533
SEK 600  AB973531
Oblongichytrium minutum  KMPB N-BA-77  AB022108
SEK 709  AB973534
SEK 710  AB973535
SEK 712  AB973537
SEK 713  AB973538
Oblongichytrium multirudimentale KMPB N-BA-113  AB022111
SEK 711  AB973536
Oblongichytrium sp. PBS05  FJ799794
SEK 599  AB973539
SEK 714  AB973540
SEK 715  AB973541
Oblongichytrium sp. BAFC cult. 3519  HQ228948
Oblongichytrium sp. PBS02  FJ799796
Oblongichytrium sp. PBS03  GQ354272
Oblongichytrium sp. NBRC 102618  AB290575
SEK 716  AB973542
Thraustochytriidae sp. KB9/KB16  JX481078
Bacillaria paxillifer  M87325
Ochromonas danica  M32704
0.02
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? 9  ????????????























































































































? 11  ???????????????
A: Schizochytrium sp. (SEK 579); B: unidentified thraustochytrid 1 (SEK 691); C: unidentified 
thraustochytrid 2a (SEK 694); D: Oblongichytrium sp. 1 (SEK 600)?SEK 600???????
????????????????????????????SEK691? d-GPY???? 
SEK579, SEK694, SEK600?????????????????????????????
























































































































































































































































































































































































Bac (x108 cells l-1)
WDWHUWHPSHUDWXUHÝ&
y = 1.29  10-6x + 2.09  103
y = 3.43  102x - 1.76  103
y = -2.56  102x + 1.06  104
y = 13.4x + 4251.4
y = 2.82  103x - 1.25  103
y = 1.25  104x + 6.57  102
y = 8.84  103x - 2.37  104
Salinity (PSU)





y = 1.02  108x + 2.81  107
y = 1.31  107x + 1.65  109
y = 3.36  107x + 1.45  109
y = 2.41  108x + 5.84  108
y = 1.24  109x + 6.92  108
y = 9.34  108x - 2.04  109
Salinity (PSU)




y = -0.13x + 21.8
y = 0.054x + 18.1
y = 2.00x + 13.5
y = 10.6x + 14.3
y = 6.68x - 3.94




y = -8.68  10-3x + 23.2
y = -1.33x + 26.0
y = -3.00x + 24.1




y = 5.89x - 3.69
y = 35.0x - 2.53
y = 3.87x - 2.41
PON (mg l-1)
'2&PJO-1)
y = 5.41x + 0.36
y = 0.71x + 0.048




















Chlorophyll a  (µg l-1)
y = 0.160x
y = 0.099x + 1.232
r = 0.762
? 13  ??????????????? a??? POC?????
?????????????????????????????????

















Chlorophyll a  (µg l-1)
y = 0.160x




 Derived from 
non-phytoplankton




















Chlorophyll a  (µg l-1)
y = 0.099x + 1.232
 Derived from 
phytoplankton
0.099 x 8.51 
= 0.84 (40.6%)
 Derived from 
non-phytoplankton









????? (A) ??????????a???0???POC?? (= ?? 1.232) ??????????????
????POC????? (?)??????POC????????????????????????????
























































































































M A M J J A S O N D J FM A M J J A S O N D J FM A M J J A S O N D J
2008 2009 2010
? 16  ?????????????????



















































































































































































































M A M J J A S O N D J F M A M J J A S O N D J F
2011 2012 2013
8S 8B 15B15S
M A M J J A S O N D J F M A M J J A S O N D J F
2011 2012 2013
M A M J J A S O N D J F M A M J J A S O N D J F
2011 2012 2013
8S 8B 15B15S
? 17  ??? Sta. 8, Sta. 15????????????????







































































































8S (Sta. 8 ???) 8B (Sta. 8 ???)





































































Percent of species com
position
Percent of species com
position
Percent of species com
position
Percent of species com
position
M A M J J A S O N D J F
2011 2012
M A M J J A S O N D J F
2012 2013
M A M J J A S O N D J F
2011 2012
M A M J J A S O N D J F
2012 2013
M A M J J A S O N D J F
2011 2012
M A M J J A S O N D J F
2012 2013
M A M J J A S O N D J F
2011 2012
M A M J J A S O N D J F
2012 2013













































































A M J J A S A M J J A S A M J J A S A M J J A S
2008 2010 2012 2013












?Rapid rise in water temperature




























































































































































































































Spring Summer Autumn Winter
Water temperature
High
Low
M MXQLGHQWLÀHGWKUDXVWRFK\WULG
M JXQLGHQWLÀHGWKUDXVWRFK\WULGD
J SXQLGHQWLÀHGWKUDXVWRFK\WULGE
J DSchizochytriumVS
M OJ FOblongichytriumVS
M FA DOblongichytriumVS
M OJ FOblongichytriumVS
A NJ JXQLGHQWLÀHGWKUDXVWRFK\WULGE
J NAplanochytriumVS
? ?????????????????????????
?????????????????????????????????????????
???????????????????????Oblongichytrium VS????????
?????????????????Oblongichytrium VS??????????????
?????????????????????????????????????????
?????????????????????????????????????????
????????
??
108
